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A COLOR ILLUSION, 

BY 

George Trumbull Ladd. 

Some time ago my attention was called by Dr. George T. Stevens, 
of New York City, to a color illusion which, in spite of its suggestive- 
nesBy has not, so far as I am aware, been hitherto discussed or even 
noticed. 

In Fick's Lchrbuch der Augenheilkunde, p. 50, Leipzig, 1897, there 
is a colored diagram called an ** example of Stilling's charts*' for the 
purpose of testing color blindness. It consists of a pale-green back- 
ground, in size 36""" by 44"", which is divided into squares of lS"**" by 
lines of white 0.4°"" in width; on this background a red letter E 21"° 
by 34"'" is constructed out of similar red squares. 

It was noticed that, when this figure was observed for a few seconds with 
a fixed gaze, some or all of the red squares disappeared and were replaced 
by green squares like those of the background. Practice had the usual result 
of facilitating the speed and completeness of this illusion ; it soon enabled 
most of those on whom the experiment was tried to get the result in a 
more or less startling way. I will only add that with me the illusion is 
invariably connected with a conscious change in fixation of attention, 
and — if I may be allowed the expression — the internal motor adjustment ; 
and the red squares always turn dark and become a blackish -green for an 
instant before they disappear and are replaced by the green of the color o 
the background. 

The first suggestion for an explanation of this interesting illusion would 
connect it with the relations of the retinal images of the two eyes. But 
such an explanation is at once negatived by the fact that the illusion is 
obtained equally well, or even better, with one eye. It is thus not an 
affair peculiar to binocular vision. Neither is it a phenomenon of blur- 
ring due to minute rapid movements of the eyes, or to relaxation of the 
muscle of accommodation. For, although in certain experiments to be 
described subsequently, the color of the background does frecjuently seem 
to throw a film of its own color over the letter, scjuare or strip, which 
it surrounds, in the original figure as taken from FicK there is no 
blurring of the red S(iuares, and in all the other experiments the white 
I I 



2 George Trumbull Ladd, 

lines and outlines of the squares and the color of the background remain 
quite distinct and sharp. 

Further experiments have been devised to investigate this illusion. 
Although no final conclusion has been as yet established, enough has been 
done to show that the phenomenon is more complicated than was at first 
supposed. A brief description of these experiments will now follow. 

In the first place, within certain limits, not as yet fixed, changes in the 
size of the usual objects with which the experiment is conducted do 
not. essentially alter the result. For example, if the diagram in Fick 
be looked at through a concave lens the diminished letter E will behave 
in the same way ; although with me it is more difficult to get the illusion, 
because, as I think, both of the increased clearness of the images and also of 
the increased tension of the attention and the eyes* adjustment. On the 
other hand, as all our experiments show, much larger objects, when 
viewed from a sufficient distance behave in the same way. The exact 
limits of size of the retinal images within which this phenomenon is pos- 
sible have not been calculated, but considerable variation in size is 
known not to be incompatible with its occurrence. 

If, now, in order to test the importance of the white lines which divide, 
in the Fick diagram, both background (or '*sulstituting'* color) and 
letter (or ** disappearing*' color) into squares, we have a strip composed 
of red squares divided by white lines against an undivided background of 
lighter or darker green, we get the following result : the red turns dark 
green or black ; the white lines remain ; and the s([uares of red be- 
come patches of blackish color separated by white outlines on an un- 
changed color-background. U the background be changed from green 
to violet or blue the results are substantially the same. But the same 
change in color takes place with a solid red letter on a background of 
various colors ; and with a strip of red or orange, not limited in any way 
by white outlines, on variously colored backgrounds. Indeed, in a num- 
ber of instances, as I shall soon say, the background substitutes its color 
and the illusion takes place almost or quite equally well without either 
being itself divided or having the disappearing color divided into squares. 
The illusion, then, is not dependent upon the lines that divide the dia- 
gram into scjuarcs, although such a division seems to have some influence 
en the speed and completeness of the result. 

A series of experiments was then devised by Dr. Scripture to test the 
< Tects of varying the color of the background, or substituting color, 
\\ hile retaining the same red as the disappearing color, without, how- 
ever, dividing either background or strip into squares. 

A complete set of the Milton Bradley colored papers was obtained; 
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in the following experiments the colors will be designated according to 
the system adopted by the manufacturers. Sheets 20''°* by 30'"" were cut 
out for backgrounds ; small strips i"™ by 20*"" were cut ready to lay on 
the backgrounds. In making the experiment a background of a desired 
color was fastened to a board by tacks and a strip was fixed on it by a 
pin ; the whole was then observed at a distance of about 3°. It after- 
wards appeared that the most convenient method of preparing these 
figures was to place several strips of different colors on a given back- 
ground ; such a figure with two strips and a white fixation point is shown 
in the colored plate. 

The results with Dr. Scripture and myself differed somewhat ; but the 
interesting thing about these differences seems to be that they remained 
fairly constant of the same order. That is to say, where I got the illu- 
sion of substitution without great difficulty, my colleague got it more 
readily ; and when I got it not at all, he could obtain it only with increased 
difficulty, or in certain cases (at least on the earlier trials) not at all. 
This suggests that the detailed differences were due to a constant factor 
of difference in the two observers. 

The results obtained by viewing a standard red strip at a convenient 
distance, and with the proper fixation of the eye, while the color of the 
background is changed, may be divided into two general classes. With 
certain backgrounds the illusion of disappearance and substitution takes 
place with no great difficulty but with surprising ease and suddenness, 
after a little practice has given the requisite knowledge of how to experi- 
ment. With certain other backgrounds the substitution takes place only 
with increased difficulty or not at all, with me as a rule not at all. To 
the first class of backgrounds belong the two greens used, namely, stan- 
dard green and bluish-green, violet, blue and black. To the second class 
belong the backgrounds, yellow, orange, light gray, white, light blue, 
light green and a light reddish violet. That is to say, this standard red 
strip, if viewed with a proper amount and kind of fixation on a back- 
ground of two kinds of green, or of dark violet, dark blue, or black, will 
itself darken, disappear, and be placed for a longer or shorter interval 
by the color of the background. But the same strip, if placed upon a 
background of yellow, orange, gray, white, or light blue, light green, 
light violet, will maintain its place, although growing darker ; or if it 
disappears at all, does so with great difficulty and only for an instant. 
As I have already said, I could not myself get the illusion in these cases 
at all. 

Sup|X>se now that a strip of orange be viewed upon the same back- 
grounds as in the foregoing experiments, then somewhat similar i)henom- 
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ena result, but with interesting differences. With the backgrounds of 
green, dark violet, dark blue or black I get the illusion ; but only by 
persistent trying, and for a briefest instant of time. On the backgrounds 
of yellow, gray, white, light blue, light green, violet of tint No. i Dr. 
Scripture obtains the illusion only with great difficulty, if at all, and then 
for a brief instant of time. But on the other class of backgrounds the 
illusion is rather more easily obtained by him with the orange than with 
the red strip. With me, however, on both classes of backgrounds, the 
red strip and the orange strip behave in markedly different ways. 
W^hereas, in the case of the red strip the color darkens — and this whether 
substitution ultimately takes place or not, and whatever the color of the 
background — in the case of the orange strip, the color grows lighter, the 
color of the background seems to encroach from both sides on the color 
of the strip, until (where — as in all cases of the' second class of back- 
grounds — the illusion does not become perfect) the orange strip becomes 
a narrow line of sunlight on a unicolored background. 

If now the orange and the red strips be hung not far apart on the same 
background of color, each of them behaves, for both observers, in the 
same way as when viewed apart on a similarly colored background. And 
if orange and red strips be placed side by side, with one half over a back- 
ground of the first class (see the colored plate) and the other half over a 
background of the second class, each half of each strip will seem to follow, 
for each observer, the course similar to that already described in the 
separate experiments. 

This color phenomenon is probably a general one. It was observed by 
most persons at a meeting of the American Psychological Association at 
which these figures were exhibited. It was quite evident at the first trial to 
a girl fourteen years of age who was asked to observe the strips. I am not 
yet able to satisfy myself as to the most probable explanation of this some- 
what startling color illusion. In the well-known case of a dark spot on a 
colored background Blix * has suggested that with long fixation the retina 
becomes less sensitive on the parts on which the colored rays fall, and 
more sensitive on the part corresponding to the dark spot, and that this 
latter portion, being sensitive to the colored light arriving after general 
dispersion in the eye, finally gives as intense a color sensation as the other 
portion. Any one, however, who has' seen the red stripe suddenly turn 
to a bright green knows that the intensity of the green is far beyond any 
light that might arrive through dispersion. 

Dr. Scripture has suggested that the fatigue of the eye for the color of 

^ Bi.ix, Uehcr i^lciikfarbi^^t' Induktiott^ Skand. Arch. f. Physiol., 1893 V 13 (reviewed 
in Zt. Psych. Phys. Sinn., 1894 VII 41 1). 
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the disappearing strip or letter creates a temporary blind-spot or succession 
of blind-spotSy which is then filled in by the color of the background 
as the permanent blind-spot of the eye is constantly filled in by the sur- 
rounding colors in all our normal vision. This suggestion explains some of 
the phenomena which I have been describing. It explains the depen- 
dence of the result on the character of the fixation, the customary pre- 
liminary darkening of the disappearing color, and the character of the 
substitute color, when substitution takes place. But I am not able 
to reconcile this suggestion with the fact that the illusion takes place 
only with such great difficulty, or not at all, when the disappearing 
color is dark and the background is light. Would not one expect rather 
the opposite result, namely, that the darker background would more 
speedily and completely fill in the eye fatigued by the lighter color. 
Moreover, I cannot see why the orange strip under the principle of 
fatigue, should grow brighter and of a lighter shade, as it certainly 
does for my eye ; and, in fine, why in the case of the second class of back- 
grounds, I am quite unable to fatigue my eye for either orange or red so 
as to obtain the illusion by substitution of the color of these backgrounds. 
Finally, asr far as I can determine in my own case, and by questioning 
several others with whom the experiment has been tried, the illusion is 
somehow dependent upon the rhythm of attention, and, in a limited way, 
it is under the control of will exerted through some obscure modification 
of the point and manner of regard. But whatever the prima facie ex- 
planations may be, the illusion seems to me unusually interesting and 
complicated, and in its suggestiveness quite worthy of further investi- 
gation. 



RESEARCHES IN CROSS-EDUCATION, 



BY 



Walter W. Davis. 



I. Historical. 

The term "cross-education*' has been used* to express the fact that 
the effects of practice on one side of the body are transferred to the un- 
practiced side. The fact seems to have been first recorded by H. F. 
Weber. In a communication to Fechner,* he reports an observation 
made on his son. The boy had been taught to write entirely in one sys- 
tem of penmanship, a system that employs a free-arm muscular movement. 
At the age of thirteen he was able to write reversely with the left hand 
— in so-called mirror-writing — without having practiced such writing in 
the least, although the letters were not so regularly made as those made 
with the right hand. The reverse writing, when viewed in a mirror, or 
when looked at through the paper as it was held to the light, appeared 
very similar to the boy's ordinary hand-writing. Hence Weber con- 
cluded that by the training of the right hand in certain methods of p>en- 
manship the left hand is also trained, unconsciously, to perform sym- 
metrical movements. He noticed also that others trained by different 
methods, or by several methods, failed in the test. 

Fechner reached a similar conclusion from an experience of his own. 
In the course of a series of observations in which he wrote the figure p 
many times, left-handed, he noticed that when he took the pen in his 
right hand, he would unconsciously write the figure reversed with a move- 
ment that was symmetrical to that made with the left hand. A certain 
method of writing had become so ** impressed upon his mind" that it 
became natural to write reversely with the hand not used. 



^ScRiiTURE, Smith and Brown, On the education of muscular control and powers 
Stud. Yale Psych. Lab., 1894 II 115. 

2 Fechner, Bcobachtungeny wclche zu beweiscn uheinen^ dass durch die Uebung der 
Glieder der einen Seite die dcr andcfn zugUich mitgeubt werden^ Ber. d. kgl.-sSch. Gcs. 
d. Wiss., math.-phys. CI., 1758 X 70. 

6 
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The experiments of Volkmann,* on the influence of practice upon the 
ix)wer for perceiving small distances, have a bearing on cross -education. 
By touching a Weber's compass to the skin on various parts of the body, 
he obtained records of the ability of the several members to distinguish 
the two points of the compass at the smallest perceptible spread. For 
example, the left arm on the dorsal side could distinguish the two points 
at 10.5 Parisian lines (23.6""); the right arm at 11. 5 lines (26.4""°). 
At the end of the practice which was continued for several weeks with 
the left arm alone, the records were : left, 5 lines (11.2""), right, 7 lines 
(15.7""). While the acuteness of sense on the left side was increased 
through local practice, it was also increased on the right side in portions 
symmetrical with the parts practiced. 

To determine whether other than symmetrical parts are thus trained, 
VoLKMANN tested the points of the fingers of both hands and also the 
left arm. By practice of one of the fingers of the left hand, he found 
an increase in ability in all the fingers, but none in the arm. That is, in 
the education of certain parts, those parts symmetrical and closely re- 
lated are educated also. 

More recently Scripture* has made some experiments in muscular 
control and muscular power which prove quite definitely that practice of 

• 

one arm in steadiness and strength reacts on the other arm as well. Dr. 
W. G. Anderson, Associate Director of the Yale Gymnasium, experi- 
menting with the spring dynamometer, has reached practically the same 
conclusion. Bryan,' in testing the tapping ability of children of dif- 
ferent ages, concludes that the right hand does not outgrow the left, but 
that, at certain ages, the left even gains on the right. 

The following experiments were carried on, during the academical 
year of 1898-99, for the purpose of establishing more definitely the fact 
of cross- education or transference of practice and, if possible, of finding 
the causes of such transference. 

II. Rapidity of voluntary effort. 
The present investigation was begun by experiments in the rapidity of 
tapping on a telegraph key. The movement in tapping involved only a 
small amount of muscular strength. The weight of the fi nger was sufficie nt 

» VoLKM ANN, Ueber den Einfluss dcr Uibutig auf das Erkennat raHmlicher Distanzen, 
Bcr. d. kgl.-sachs. Ges. d. Wiss., mith.-phys. CI., 1858 X 3^- 

« Scripture, Smith and Brown, On the education of muscular control and power. 
Stud. Vale Psych. Lab., 1884 II 114. 

* Bryan, On the development of voluntary motor abilUy, Amer. Jour. Psych. , 1 892-93 
V 201. 
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to press down the button of the telegraph key, so that the test was one of 
motor ability with the factor of muscular power seemingly almost elim- 
inated. 

Apparatus. 

The tapping was done by the subject in a quiet room, while the results 

were recorded in an adjoining room. The number of taps in a given 




time was recorded on a tap counter which was connected by eleclric 
wires with the key. tt consisted of clock-work with hour and minute 
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hands. At the back (Fig. i ) there is a toothed wheel worked by an elec- 
tro-magnet (^) and an armature (/^). When a current passes through 
the magnet, the armature is attracted ; when it ceases, the armature is 
drawn back again by a wire spring. The upper end of the lever (-£"), of 
which the armature is a part, divides into two arms (/?), each of which, 
one on each side, may press successively into a toothed wheel (y4) in 
such a way that at each make and break of the electric current the wheel 
is driven forward one cog. This movement arises from the shape of 
the ends of the arms and of the teeth of the escapement wheel. • A friction 
spring (C) hinders any backward movement. This counter has been in 
use in the laboratory for several years. Its special merit lies in the fact 
that it will count the most rapid taps that a person can possibly make. The 
number of taps is recorded on the face of the counter. A key within 
easy reach makes it possible, while the subject is tapping in the quiet 
room, for the observer to let the current pass or not, as he chooses. 

In the quiet room, three keys were so arranged that the subject could, 
without changing his general position, tap with either hand or either foot. 
One key served for the hands and was clamped to a board which was held 
in the lap. With the subject seated in readiness for tapping, the board 
was supported by the arms of the chair and the elbows rested easily on 
the board, the hand just reaching the key. The tapping was done with 
the index finger, the subject being instructed to keep the other fingers, the 
wrist and the forearm on the board. This position allowed a rapid, 
easy, isolated movement without the use of clamps or weights that might 
distract the attention. 

For the feet a board was so constructed that two keys, four inches 
apart, could be set into the top, their ends touching at one edge and 
leaving the buttons only a little more than flush with the surface of the 
board. The tapping was restricted to the great toe, all movement being 
confined as much as possible to this member. The chair remained always 
in the same position and the board could be moved on the floor, forward 
or backward, to suit the convenience of each subject. When a certain 
position was adopted for any subject, the conditions remained constant 
for him through the entire series of experiments. 

For the purpose of communication the two rooms were connected by 
a system of signals, by which the observer could direct the subject to 
start or stop. In all cases the number of taps in five seconds was re- 
corded. With all in readiness, the observer, with watch at hand, sig- 
naled the subject to start. At three seconds after the start the switch 
was closed and the counter began to record. After iw^ seconds the switch 
key was opened and the subject signaled to stop. 
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Method of experiment. 

In this series of experiments, the results of which are shown in Table 
I., tests of tapping-ability were made on six subjects. Of these, A. is 
an instructor, and B., C, D. and F. are students in Yale University. E. 
is the steward of the Psychological Laboratory. Initial tests were 
taken of the right and left index fingers, and of the right and left great 
toes. Then for periods varying from ten to twenty days the right great 
toe was practiced daily, or nearly so. At the end of the practice period 
final records were taken of each member. The initial and final tests 
were taken in the following order : for subject X, LF RF LH RH 
RHLHRFLF; iox B, LF RF LH RH LF RF LH RH; iorC, D., 
E. and F., LF RF RH LH LH RH RF LF {RH—nghi hand, LH— 
left hand, ^7^— right foot, LF—\tii foot). In this way the liability to 
differences due to fatigue was guarded against. In each initial and 
each final test, averages were taken of the two records made by each 
member. A specimen record is inserted, the first one taken. 

.Subject A. — Initial test. 

LF RF LH RH RH LH RF LF. 

13 17 24 26 28 24 19 II 

Average. 12 18 24 27 

The initial and final tests were taken at the same time of the day, and, 
as nearly as pK)ssible, under similar conditions. Lombard^ and Dresslar* 
have pointed out the differences in voluntary strength and rapidity due 
to varying conditions. An effort was made to equalize them for all 
records. 

Results, 

The results obtained are shown in Table I. , which gives the numbers of 
taps in fi\t seconds for each member at both initial and final tests, also 
the gain in the number of taps, and the gain as a percentage of the in- 
itial number. 

The effects of practice are not uniform. Not only is there a great dif- 
ference between the gains made by different individuals, but also between 
the gains of different members of the same individual. Still, certain 
fundamental results are clearly shown. In the first four subjects, whose 
initial and final records are given in Table I., a marked increase in the 
rapidity of tapping ability has been developed; and this increase mani- 



* Lombard, Sofne of the influences 7vkick affect the power of volufitary muscular con- 
traction^ Jour. Physiol., 1892 XIII 2. 

*Dressij^r, Influences affecting the rate 0/ voluntary movement, Amer. Jour. Psych. ^ 
1892 IV 514. 



Researches in cross-education. 



II 



fests itself not only in the right foot, which alone was practiced, but in 
all the other members as well. However, the greatest average gain is- 









Table I. 
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Number 


of taps in j secotids. 






Subject. 




Initial test. 


Final test. 


Gain. 


Relative giin^ 




r ^^ 


12 


17 


5 


41 


A. 


KF 


i8 


20 


2 


O.II- 


« 


LH 


24 


28 


4 


0.17 




RH 


27 


32 


5 


0.18 




r LF 


15 


17 


2 


013 


B. 


RF 


14 


21 


7 


0.50 ^ 




LH 


22 


36 


14 


0.64 




RH 


22 


34 


12 


0.54 




r LF 


20 


26 


6 


0.30 


C. 


RF 


21 


28 


7 


^'IZ~ 


LH 


32 


36 


4 


013 




RH 


37 


42 


5 


0.14 




r LF 


17 


25 


8 


0.47 


!>• 


RF 


20 


28 


8 


0.40 ^ 




LH 


26 


34 


8 


0.31 




. ^^ 


27 


29 


2 


0.07 




r LF 


16 


22 


6 


0.38 


E 


RF 


21 


20 


— I 


— 0.04 _ 




LH 


22 


24 


2 


0.09 




RH 


24 


22 


— 2 


— o.oS 




r LF 


16 


17 


I 


0.06 


F. 


RF 


21 


»9 


— 2 


— 0.09 . 




LH 


30 


24 


—6 


— 0.20 




, RH 


33 


28 


—5 


— 0.15 




r LF 


16 


21 


5 


0.31 


Average. 


RF 


19 


23 


4 


0.21 




LH 


26 


30 


4 


0.15 




28 


31 


3 


0.08 


Average: 


r z^- 


16 


21 


5 


0.31 


A, B, 


RF 


18 


24 


6 


0.33 


C, D. ^ 


LH 
RH 


26 


34 


8 


031 




28 


34 


6 


0.21 



made by the member practiced. The gain by RF\% slightly greater than 
that of Z-Fand LH^ and considerably greater than that oi RH, 

In neither E. nor F. is there a gain in the member practiced, but rather 
a slight loss. In only one member not practiced, LF oi subject K., is 
there a marked gain, while in RF, LH, and RH of subject F. , are there 
marked losses. 

In the second average the records of subjects E. and F. were not used, 
the object being to give the comparative average results of practiced and 
unpracticed members in subjects who made a gain in the member prac- 
ticed. 
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From certain observations taken during experimentation, as well as 
from remarks and suggestions made by the subjects themselves, these 
facts appear to be satisfactorily explained. Subject E. is a colored man, 
the steward of the laboratory, thirty-four years of age, of a phlegmatic 
temperament, steady-going rather than quick and active. The two facts 
of age and temperament are suggested as the reason for his not respond- 
ing more quickly to practice. In the gymnasium it is illustrated every 
day that after a certain age the boy loses in a great degree the ability to 
learn new tricks. Moreover boys differ individually in the ability to 
learn. This difference is not due wholly to lack of strength but to tem- 
perament, will-power and previous training as well. Possibly, with 
longer practice, good results might have been secured from E. Subject 
A. was of the same age as E., but the practice in his case was continued 
twenty days and in the case of E. only ten days ; the two subjects differ 
much in temperament, A. being nervous rather than sluggish. 

Table II. 
Influence of age ; number of taps in ^ seconds. 

Average gain 
Subjects. Age. of the four 

mem]>ers. 

A. 34 4 

B. 29 9 

C. 25 6 

D. 27 6 

Age seems to play an important part in the results obtained from prac- 
tice. Table II. gives the ages of the subjects in connection with the 
average gain they make for both hands and both feet, the length of prac- 
tice, and the gain per cent, for each day of practice. To obtain a fair 
increase in the rapidity of tapping, the practice of A., who is 34 years 
old, had to be continued for 20 days, and then the gain is less than 
that of B., C. and D., where the practice was continued for 14, 10 and 10 
days respectively, and the ages were 29, 25 and 27 years. 

An interesting principle was exemplified in the failure of F. to make a 
gain in rapidity by practice. F. is an academical senior, aged 23, the 
youngest of the six subjects, and of a nervous motor temperament. He is 
a trained gymnast of more than moderate skill. One wpuld judge that 
conditions here were favorable for a rapid gain in tapping ability. Some 
of his remarks, however, after the daily practice, throw light on the diffi- 
culty. *' If I try to hurry too much my foot stops almost altogether. " "At 
times I am obliged to put forth my entire will power in order to tap at 
all.'* ** I feel fatigued all over " ; that is, fatigue did not confine itself 
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0.20 


20 


O.OI 


0.44 


14 


0.031 


0.22 


10 


0.022 


0.27 


10 


0.027 
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to the muscles involved but was general. It would seem that, in this 
subject, temperament and training had combined to form conditions 
un&vorable to rapidity of tapping. Naturally of a quick, nervous, active 
disposition, his training as a gymnast had emphasized these qualities. 
The proper execution of difficult gymnastic tricks requires a great 
exertion of strength and also its quick concentration at a particular 
moment in time. The subject had become so accustomed to send- 
ing down strong impulses to action to large muscles, that it was difficult 
for him to send proper impulses for the action of small muscles like those 
of the fingers and toes. Subject F.*s great store of energy is illustrated 
in his long practice records. It seemed impossible to tire him out. In 
one experiment he made 900 taps without a slowing in rapidity of tap- 
time. He concentrated more attention at one point than was favor- 
able for rapidity of movement. So great an amount of nervous energy 
was sent to this point that the delicate muscles could not properly dis- 
pose of it for action, and the result was a slowing of movement. 

On the whole, the subjects were a group not favorable for rapid im- 
provement from practice. Of an average age of 28 years, they had got- 
ten beyond the point in physical development where either muscular or 
nervous changes would take place rapidly. With younger subjects larger 
and more rapid gains might reasonably be expected. Nevertheless, the 
principle of cross-education appears most plainly and decisively. 

Since obtaining the above results, I have received a letter from Herr 
Oscar Raif, Professor of Music in the Berlin Hochschule, who has done 
some experimenting similar to mine. I quote a portion of his letter, 
inserting the number of beats per minute in [ ] . 

** In the spring of '98, I made an experiment with twenty of my 
pupils. 1 began by taking the average speed of each hand with the 
metronome. The average of the right hand was I = 116 (= four times 
116 in the minute) [464 beats] and for the left hand, 112 [448 beats]. 
I gave them exercises for the right hand only (finger exercises, scales and 
broken accords) to develop rapidity. After one week the average of the 
right hand was 120 [480], after two weeks, 126 [504], three weeks, 132 
[528], etc. After two months the right hand yielded 176 [704]. Then 
I had them try the left hand which averaged 152 [608], whereas in No- 
vember the average was only 112 [448]. In two months' time, abso- 
lutely without practice, the left hand had risen from 112 [448] to 152 
[608]. A few of my pupils had some difficulty in playing the scales in 
parallel motion, but were able to play them in contrary motion. 

** The tenor of my work is that in piano playing the chief re(iuirement 
is not that each single finger should move rapidly but that each movement 
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-should come at exactly the right time, and we do not work only to get 
limber fingers but more than that to get perfect control over each finger. 
The source of what in German is called * Fingerfertigkeit * is the center 
of our nervous system, the brain.** 

Further explanation of the application of these principles in musical 
training is promised in a work on ** Fingerfertigkeit ** by Professor Raif. 
The fact that Herr Raif*s pupils could play the scales in contrary more 
-easily than in /^m//^/ motion, deserves notice as coinciding with the ob- 
servations made by Weber and Fechner in regard to mirror-writing. 

Table III. gives the relative rapidities of hands and feet, both before 
and after practice, and their average percentage of gain. The ratio of 
tapping ability is smaller at the end of the practice than at the beginning ; 
the relative gain of the feet being 5.5% greater than that of the hands. 







Table III. 








Comparative 


rapidity of hands and feet. 




A. 


( Feet. 
\ Hands. 
I Ratio. 


Initial. 

25 
1:1.7 


Final. 

18 

30 
1:1.6 


Relative gain 

0.24 
0.16 


B. 


r Feet. 
-j Hands. 
i Ratio. 


14 
22 

1:1.5 


18 

35 
1:1.8 


0.31 
0.58 


C. 


r Feet. 
-j Hands. 
( Ratio. 


20 

34 
1:1.6 


27 

38 
1:1.4 


0.32 
0.12 


D. 


• Feet. 

Hands. 
^ Ratio. 


19 
27 

1:1.4 


26 

31 
1:1.2 


0-39 
0.17 


Total Average 


r Feet. 
< Hands. 
( Ratio. 


27'/$ 
1:1.6 


22>^ 

23/2 
1:1.^ 


0.31 
0.26 



In the case of D. two facts are noticeable from an examination of the 
table : ( i ) lower ratios between feet and hands both before and after 
practice; and (2) a greater percentage of gain in the tapping abihty of 
the feet in comparison with the other subjects. During D. *s practice it was 
observed that he had an almost independent use of his great toe. He 
could flex or extend it, with very little accompanying movement of the 
remaining toes. D. is a Japanese student and while in Japan wears the 
ordinary clog shoe which allows free movement of the great toe. A 
heavy string extending up for an inch from the middle forward part of 
the sole divides into two parts which pass back, one on either side of the 
foot. When the shoe is adjusted to the foot, the string before its division 
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is grasped between the first and second toes, and the shoe is held in place 
by this means. The sock also is made in the form of a mitten, the great 
toe being in a separate compartment from the others. The sock is the 
only covering of the foot above and to the sides. Hence two prime con- 
<litions for development are here present, exercise and room for growth. 
These facts probably account for the smaller ratio between the rapidity of 
toes and fingers in the case of D. They also emphasize the fact already 
pointed out ' that the feet of Americans are losing, as a result of tight, 
ill -formed shoes, those powers natural to them. The reason why the 
feet in the case of D. should make a greater percentage of gain than in 
the other subjects, although not so clear, is probably due to the same cause. 

Influences affecting the rapidity df tapping. 

In the daily practice the right great toe tapped until fatigued. There 
was, however, no attempt to reduce the muscles to a state of extreme 
fatigue, since the increase in tapping ability at the final test was the 
prime object. The records were made in a manner similar to those at 
the initial and final tests. The signal to start was given ; after three 
seconds the switch was closed and a record was obtained for five seconds. 
The result was noted while the subject continued to tap without stop- 
ping, and after ten seconds another record was taken. The subject and 
the observer continued in this manner, the record being taken at every 
third period of five seconds, until the subject stopped tapping. 

A study of these records and of the remarks dropped by the subjects 
led to several important observations. 

(a) There are perceptible variations in the rapidity of the tap-time on 
any given occasion of practice. One subject says : "At times it is very 
-easy to tap rapidly; then it becomes difficult ; then easy again." An- 
other subject noticed what he termed ** waves,*' that is, short periods of 
rapidity followed by a slowing of the tap-time. These waves of rhythm 
Jiave been noticed by Noves* in the knee-jerk; and also by Lombard* 
in his work with the ergograph. They seem to be wholly beyond the 
-control of the will. 

This phenomenon is shown in Fig. 2 which gives the curve for a 
Tecord by A., the twelfth in his series of practice records. X indicates 
the serial number of the record, and Kthe number of taps in five sec- 

* Ellis, Tht human foot ^ Wood's Medical and Surgical Monographs, April 1890. 
•No YES, On certain peculiarities of the knee-jerk in sleep y Amcr. Jour. Psych., 1892 

IV 343. 

• Lombard, Alterations in the strength which occur during fatiguing voluntary mus- 
adarvforif Jour. Physiol., 1893 XIV 98. 
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onds. The continual fluctuation between gain and loss in energ)' is 
quite striking. 



ZO 



10 




/ 2 Z ^ 5 k 7 i 9 /o // /I /3 f'^ ^y ^^ '^ f^ f9 

Fig. 2. 

A', upper line, serial numl)er of record. 
-V, lower line, successive steps in the subject's practice. 
\\ number of taps in 5 seconds. 

(^) States of feeling do not appear to have mifch efl*ect on the rapid- 
ity of tapping. Often the subject would remark that he did not feel 
like making a good record and when the record was taken it would prove 
excellent. The reverse is true also. One of the subjects remarked be- 
fore a certain practice that he had partaken of a fine punch the night 
before, had had a good night's rest, felt in excellent spirits and expected 
to make an unusual record. After the experiment the result was com- 
pared with the previous ones and the taps were found to be slower than 
any in the preceding three days. There were many other similar, though 
less notable, instances of the deceptiveness of the subject's judgment of 
his own condition. 

(r) On the other hand, the physical condition of the hand or foot as 
judged by sensations had a noticeable effect on the tapping ability. On 
one very cold morning the subjects, without exception, made poor 
records ; most of them had complained of cold feet, due to the exposure 
of the bare foot in the cool air. 

Tahlk IV. 

i''fftif of t'.xcrtise. 

Day, I 23456789 

Record during first 5 seconds 16 15 14 19 17 20 23 17 23 

Record during second 5 seconds, 24 20 l8 24 24 28 28 22 22 

(^d) Tap])ing could be done faster and more easily after a few taps had 
been made, or as C. expressed it, after the muscles had been "warmed 
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up." Table IV. gives the first two records of each of the practice ex- 
periments for D. 

The results show that either the muscular or the nervous system or 
both do not do their best work at the start. 

(^) Pain and fatigue; when they were noticed at all as the result of 
continued tapping, were generally located in or near the muscles em- 
ployed in the movement. Rarely indeed was fatigue spoken of as being 
general. 

(y*) The length of time during which the subject kept up his practice 
was a good indication of his store of energy. There was a tendency to 
longer practice-records on Mondays and on any day preceded by a day 
of rest from tapping. Apparently the muscular or nervous energy ex- 
pended in the performance of one day's task was not fully restored in one 
day, the tissues requiring a day*s rest to regain their normal capacity for 
work. 

(^) Tapping became much easier after a few days of practice ; the ap- 
parent reason was that it did not require so much attention. This points 
to the probability that lower, automatic centers were being developed 
for the foot in the specific movement of tapping, leaving less responsi- 
bility for the act upon the higher centers of consciousness and attention. 

(Ji) Subject A. experienced sensations of pain in his unused left great 
toe similar to those in the right which was being fatigued by the tapping. 
He has noticed the same fact in connection with ** writer's cramp*' 
which has troubled him at various times ; the numb sensation of the 
right middle finger is sometimes transferred to the left middle finger for 
periods varying from a few minutes to hours. He does not use the left 
hand for writing. 

The loss of the effects of practice. 

To determine if the effects of practice are retained for a long period 
of time, A. 's record was obtained six weeks after his final test. Table V. 
shows the results compared with his initial and final tests. 

Table V. 
Effect of a long interval. 
Subject. Initial. Final. A^^er six weeks. 



12 17 

18 19 

24 28 

27 32 

Average 20 24 




18 
16 

24 
30 

22 



20 
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Increase in tlie dimensions of the arms. 

Table VI. shows the girth measurements taken at the initial and final 
tests and the increase due to the practice. The subject's age and weight 
are given as a means of control. The measurements are in millimeters. 
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Increase in 


arm girths. 
















Biceps. 






Forearm. 






Subject. 
Age. 




Right. 


Left. 


Right. 


Left. 


Wt. in 

kilos. 






C. 


R. 


C. 


R. 


C. 


R. 


C. 


R. 




G. 
28 


r Initial, 
•j Final. 
( Gain. 


283 
288 

5 


228 
232 

4 


274 
269 

—5 


226 

226 




259 
260 

I 


255 

255 



256 

254 
— 2 


246 

246 




56.5 
56.8 

0.5 


H. 
26 


Initial. 
• Final. 
Gain. 


270 
283 

13 


238 
246 

8 


265 

271 

6 


237 

241 

4 


252 
265 

13 


247 

257 
10 


250 

260 

10 


248 
252 

4 


66.6 

67.2 

0.6 


B. 
29 


r Initial, 
-j Final. 
( Gain. 


287 

293 
6 


249 

255 
6 


285 

296 

II 


252 
256 

4 


246 

259 
13 


237 

249 
12 


260 
265 

5 


252 

257 
5 


75.7 

75-1 
—0.6 


I. 
•26 


r Initial, 
-j Final. 
( Gain. 


230 

238 
8 


275 
281 

6 


317 
320 

3 


275 

277 
2 


283 

283 



275 

277 

2 


281 

277 
—4 


272 
270 
— 2 


71.6 

71.6 




I 


(Initial. 
X Final. 
( Gain. 


310 

312 

2 


265 
264 
— I 


302 

302 




260 

262 

2 


270 

273 
3 


262 
265 

3 


265 
26D 

I 


255 
260 

5 


69-5 

693 



K. 
24 


r Initial. 
\ Final. 
(Gain. 


276 
280 

4 


235 
239 

4 


260 

262 

2 


220 

230 

10 


252 
251 
— I 


240 

240 




243 
246 

3 


232 

235 
3 


56.1 

56.1 






Av. gain. 


6.3 


4.5 


2.8 


3.6 


4.8 


4.1 


2.1 


2.5 


0.1 






C — 


Contracted. 




R = Relaxed. 









The results showed that the practice had effected an increase in the 
girth measurements. For example, G.*s initial measurement for the right 
biceps contracted was 283, relaxed it was 228. His final measurements 
for the right biceps were, contracted 288, relaxed 232. The gain in the 
biceps contracted was 5*" and relaxed 4"°, as the result of his two weeks* 
practice. 

There was no marked gain in the weight of any of the subjects that 
might account for the increase in girth. The average gain was o. i kilo, 
which is insignificant, while B., who lost weight, made as large gains in 
girth as any. 

The gains in girth measurements were greatest in this order ; right 
biceps, right forearm, left biceps, left forearm. The right arm gained 
by direct practice but though the right increased twice as much as the 
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lefty still the left made marked gains, and there seems to be no doubt 
that there had been a transference of the effects of practice on the one 
side, to the unpracticed other side. Among the girths of right biceps 
there is only one loss recorded. This is for J., who made only small 
gains in all of his girths. For left biceps there is one loss recorded, that 
of G. This, as well as other irregularities in the case of G., to be men- 
tioned later, may be explained from the fact that he misunderstood the 
instructions given, and during his practice period, stopped his usual exer- 
cise. For the right forearm one small loss is recorded, and for left fore- 
arm three losses. 

The results, though exhibiting variations and exceptions, i»hoir very 
clearly that exercise producing a gain in girth of one arm causes a similar 
though smaller gain in the other. 

Symmetrical development. 

Here, it would seem, is a provision by nature to prevent a ooe-sidcd 
development. If the right side of the body received all the beodit <>f its 
excess of exercise over the left, it would tend to auli^r^v it in mu^.h 
greater propK>rtion than is actually the case. 

There is really very little difference between tibe ttbtsf 4f tlie rij^t and 
left arms. This is especially true if the measuygqaitart» vt^ Uikum wHh i\i€ 
muscles relaxed. There is a greater differeiKx; whtm cantm.tedf a* if a 
stronger stimulus to action could be sent to thu: tif^ than to th« left. 
As a proof of this point the measuremeote of one hundred Yale Fre^h- 
men were averaged, and the following remits obcained. 

Right biceps, contracted, 296.04"* 

Left '* '* 282.57 

Difference, *3-47 

Right biceps, relaxed, 24^8^ 

Left •' •• 24Z'4i 

Difference, if^ 

The difference in girth between the right and left bicepiy ^m^fw^^K. 
is 13.47, but when relaxed, the difference is only 6.54* If mi^ mirAfi^: 
the girths with muscles relaxed, from the girths with niuidis<4lir/ac.v?c 
we find a difference in the right arm of 47.09, in tbe UH ^ ^^, :< 
These last figures may represent the contracting power €f4if iHivty 
and if so, the ability of the left arm is about 85 9?? tha^ rf#r ^;mfv 

This difference in the extent to which the muscl9 JM^ M*f^:i^n*rr 
shown very clearly in my own case. This measurcmcai^JM^^ ^j^/t -.j 
contracted 330°"", relaxed 275""; left bicepi OiMiMM 
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laxed 275"™. The measuremenls are the same for the muscles in the rt 
laxed condition, but when contracted the difference is 13°", in favc 
of the right. There is a difference also, in the contours and in th 
lengths of the two biceps. The right is shorter and more clearly deftnec 
an indication that it has greater power of contraction. 

Increase in endurance. 

In the initial test the subject raised the weight until forced to stop o 

account of fatigue or pain, though the test was not carried to the very es 

Creme of endurance. The number of flexions made is given in Table VIJ 



ilnilinl. 
Final. 
G«in. 



Gain. 724 514 

This table also gives the number of flexions made in the final test. Tl 
weight which in the initial test was heavy enough to reduce either arm I 
a condition of fatigue after a few minutes' work, was not able to so effei 
the right in the final test, though soon fatiguing the left arm. Tl 
practice had so inured the right arm to fatigue that with the given weigl 
and time of flexion the work could be kept up almost indefinitely. / 
one thousand flexions the fatigue was scarcely noticeable, hence the te 
was not continued. 

It is clear that the right arm had developed remarkably in enduranci 
K. who is slight and not of rugged health, at the end of the final test ft 
right arm, said his arm was not tired in the slightest degree, although \ 
was apparently almost overcome by the general effects of fatigue. Ti 
left arm also had gained in endurance though not to so great an exten 
The average number of flexions for the lei^ arm at the initial test was 1 1< 
at the final test, 297, a gain of 178 or 150%. We conclude that whj 
the left had gained very materially, both in size and endurance, from l\ 
practice of the right, there was still a lack of that fineness of conditic 
which seems dependent upon actual exercise of the muscle itself 

There is an entire lack of correspondence between the ini 
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girth and in power of endurance. In fact the six subjects illustrate two 
types, differing widely in these respects. G., J. and K. belong to a type 
showing very little gain in girth, but exhibiting a marked increase in en- 
durance of the left arm. H., B. and I. make large gains in girth for both 
right and left arms, but little increase in the endurance of the left arm. 

Table VIII. 

Comparison between ^irth measurements and poiuer of endurance. 

Girth gains. Hex ion gains. 

Right biceps. I^ft biceps. Left arm. 

G. 5 —5 2CX) 

Type A. J. 2 o 225 

K. 4 2 514 

Average lY^ — i 313 

H. 13 6 30 

B. 6 II 75 

Type B. I. 8 3 27 

Average 9 6^^ 44 

In Type A (Table VII I.) there is an average gain of 3 2^""" in the 
girth of the right arm and a loss of i"*™, in that of left ; while the 
flexions for left arm increase by 313. In Type B the girth gains are large, 
but the gain in flexions is only 44. The two types are, then, very clearly 
defined and separated from each other ; while the similarity of the indi- 
vidual results in each type is quite close. For example, G.'s gain in right 
biceps is less than any in Type B. The same comparison can be made 
successfully with any individual whatsoever in either type. The facts 
noted are therefore worthy of the highest consideration. 

Why such results are produced is not clear. Though it has often been 
noticed that a larger muscle is not always capable of greater strength 
and effectiveness than a smaller one, still one would think that there 
ought to be a correspondence in the same individual at different times 
between the size of his muscles and their endurance, and that if a marked 
gain in size occurred for any reason there should be also a marked 
gain in endurance. In Type A the nutrition has effected such a change 
in the muscle cells that they have gained endurance. In Type B the 
tissue that has been added may be fat, or some other constituent that has 
not been worked into the life of the muscle cell. 

Increase in strength. 

The strength of forearm was taken at both initial and final tests by 
means of an ordinary oval spring hand-dynamometer. The subject was 
given two trials with each hand and the highest mark made by each hand 
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recorded. No practice was given the subject in gripping the dynamome 
ter, the object being to determine if there was any increase in strength o 
the right forearm due to general improvement in the nutrition of the arm 
This being found, it remained to be determined whether there was a sim 
ilar increase in the strength of the left. It has already been pointe< 
out that as fatigue came on there was a certain amount of clenching o 
the hand in holding the dumbbell. One would reason that the muscle 
of the forearm would be developed and so an increase of strength woul< 
result. This is found to be true. Table IX. shows that this increase i 
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Table IX. 

Increase in Strength. 

Pressure of 
dynam. in kilos. 

R L 



Pressure of 
dynam. in kilos. 

R L 



G. 



H. 



B. 



I 



Initial. 

Final. 

Gain. 



{Initial. 
Final. 
Gain. 

r Initial. 
\ Final. 
(Gain. 



41.8 

45-4 

3.6 

46 

54 
7 

38.6 
54.5 
15.9 



43-6 

40.8 

— 2.8 

35-4 
48.9 

13-5 

39-5 
50.0 

10.5 



I. 



J. 



K. 



r Initial. 
"j Final. 
(Gain. 

r Initial, 
-j Gain. 
( Final. 

I Initial. 
-< Gain. 
( Final. 



54.1 
56.8 

2.7 

38.6 

44.5 
5.9 

46.5 
44.2 

- 2.3 



49.0 

53.1 

4.1 

382 

41.8 

3.6 

41.8 

45-4 
3.6 



Average gain 5.56 5 41 



transferred to the left side. The average gain of the right arm is 5.51 
kilos., of the left 5.41 kilos, or nearly as much. This correspond 
closely with the figures obtained by Dr. Anderson, where the dynamo 
metric pressure itself was practiced. He found, with practice of th 
right hand alone, a gain in the right of 11. 7 pounds, in the left of 13.2 
the gain in the left being the greater. 

There were two failures to make gains in strength of grip. G., who, a 
we have before pointed out, neglected to follow instructions exactly 
made no increase in the left forearm ; and K., who showed no increase i: 
girth of right arm, failed there also to increase in strength. 

If we compare the gain in girth of forearm (hand clenched) with th 
gain in pressure, we find a close correspondence. The six subjects agaii 
fall into two types, not so clearly defined, however, as those in Tabl 
VIII. In Type C (Table X.) are placed H., B. and J., who show th 
largest gains in girth and also in the dynamometric pressure. Thoug] 
there are some partial variations from the type, the averages prove th 
point very conclusively. The average gains in girth and in pressure ii 
Type C are all large ; in Type D they are all small, zero or minus. 
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A test of endurance differs materially from one of strength. The 
former requires a succession of small impulses for action, extending over 
a long period of time ; the latter, a strong impulse for action for only a 

Table X. 
Comparison between girth measurements and dynamometric pressure. 
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gain! 
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H. 
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10 
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13.5 
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13 
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15.9 


10.5 
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9% 




5K 
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— 2 


3.6 
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I. 







—4 
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K. 


— I 




3 


—2.3 


3.6 


rajre 







— I 


I.:? 


1.6 



moment of time. The two tests are very unlike, and may require the 
development of entirely different factors. 

The effect of practice on the ability to resist fatigue and pain. 

Some important facts were noted from the observations made in respect 
to fatigue, pain and soreness, due to exercise ; and also in respect to 
the condition of the muscle, before and after practice. At the initial 
test the fatigue was local for both right and left arms, and was limited to 
pain in the attachments of the bicei>s muscles at the shoulder and elbow. 
The biceps itself did not tire. No general feeling of fatigue was ex- 
perienced. For a few days after the initial test the muscles and tendons 
of both arms were very sore, so that practice was quite materially in- 
terfered with. No marked difference could be detected, by sight or pres- 
sure, between the muscular condition of the right and left arms. 

At the final test fatigue was more general. K. was completely ** tired 
out." Subject I. "ached in knees and back,** was very nervous and 
could not sleep the first night after the test ; his arms felt numb with a 
tendency to **go to sleep.*' J. experienced a great thirst during the 
test. When local pain was felt at all it was generally in the tendons, as 
at the initial test. Very little soreness either in the right or left arm 
was experienced as a result of the final test. When the muscles were 
pressed with the finger a slight difference could be noted between the 
condition of the arms, the right biceps being the firmer. The facts above 
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noted do not hold for all of the subjects. The data could hardly be ex- 
hibited in a table, so they have been summed up in general. 

We may draw several conclusions from the facts observed in regard to 
fatigue, pain and soreness, (i) Practice so inured the right arm to its- 
work that in the final test general fatigue came on before local fatigue.. 
This hardening process was transferred in a striking degree to the unused 
side. In a work of endurance the tendons seem to weaken before the 
muscles themselves. (2) By practice the right arm reached such a con- 
dition that the after-effects of local soreness from continued exertion were 
avoided. This was found equally true of the unused side. (3) As far 
as could be judged from the examination by pressing the muscles with the 
fingers and from the amount of work done by both arms, the right amv 
had attained a fineness of condition not shared in by the left. 

The inmiediate effects of exercise on girth measuremetits. 

In order to determine if the blood circulation on one side of the body 
varied with the exercise of the other side, measurements of the biceps, 
contracted and relaxed, were taken in the order R, Z, before the exercise 
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Gil th measurements 


before and after exercise. 








Biceps, 
1st Meas. 


Biceps. 
2d Meas. 


Gain 
over 1st, 


Biceps 
3d Meas. 


Gain 
over 1st. 




A' 


L 


A' 


L 


R 


L 


R 


L 


R 


L 


c 

R 


288 
232 


269 
226 


293 

245 


268 
228 


5 
13 


— I 

2 


293 
240 


277 
240 


5 
8 


8 
14 


C 
R 


283 
246 


271 
241 


298 
256 


268 
239 


15 
10 


—3 
— 2 


290 
261 


273 
246 


7 
5 


2 
5 


C 
R 


293 
255 


296 
256 


307 
267 


30D 

255 


14 
12 


4 
— I 


296 
260 


303 
270 


3 

5 


7 
14 


C 
R 


338 
281 


320 
277 


348 
294 


320 
276 


10 
13 



— I 


347 
291 


330 
292 


9 
10 


lO 

15 


C 
R 


312 

264 


302 
262 


318 
274 


304 

260 


6 
10 


2 
— 2 


314 
265 


315 
270 


2 

I 


13 
8 


C 
R 


280 
239 


262 
230 


290 
252 


261 

231 


10 
13 


— I 

I 


277 
243 


270 

238 


—3 
4 


8 
8 










Average 


! C 10 
R 12 


i 
—3 




Average 


C4>i 


8 

io5i 



C — Contracted. R — Relaxed. 



with the dumbbell ; then in the order R, Z, immediately after the test 
with the right arm; and finally in the order Z, R, immediately after the 
lest with the left arm. The measurements given in Table XI. do not show 
a corresponding variation in both members. 

In the second set of the measurements there was an average increase of 
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10 "", or 3%, in the girth of the right biceps contracted, and of 12""*^ 
or 5%, in the same relaxed. There was no increase in the left arm, 
but rather a decrease in size. The fact that the increase in right arm. 
was greater in the relaxed condition, may be explained mechanically. 
The surplus of blood due to exercise was actually squeezed out of the 
muscle when it was rigidly contracted. 

The increase in the size of the right arm is probably due to two effects 
of exercise : ( 1 ) the rush of blood to the muscle, shown by the disten- 
tion of the superficial veins ; and (2) the swelling of the muscle due to 
the production of heat and waste products. After K. had completed his 
test, a marked difference in temperature was noted between the biceps 
and the triceps. The fact was evident even to the sense of touch. The 
triceps felt cold in the comparison. 

In the third set of measurements taken immediately after exercising 
the left arm, this member was found to have increased in girth, while the 
right, due to its quiescence, had already lost much of its former gain. In 
J. and K., who made the highest number of flexions with the left arm, the 
former increase made by the right is practically all lost. 

Three facts would seem to show that the circulation of the side not exer- 
cised does not tend to vary in accordance with" that of the side exer- 
cised : ( I ) the negative results in the left arm measurements taken after 
the exercise of the right ; (2) the rapid decrease in girth of right arm, 
after its exercise, even though the left was then exercising ; (3) the very 
manifest difference between the temperature of used and unused muscles 
in close proximity. The facts would indicate rather a variation of blood 
circulation in the opposite direction. 
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Total number 




Days 


Av. 


flex's. 


per 


Time 




of flexioDS. 


of 


practice. 




day. 




of exercise. 


G. 


4900 




12 




408 




Evening. 


H. 


5500 




12 




458 




Evening. 


B. 


3100 




12 




258 




Eve. and mom 


I. 


3900 




12 




325 




Eve. and morn 


J. 


1050 




18 




"5 




Evening. 


K. 


6300 




21 




3CX) 




Morning. 



Average 4125 ia^Vi Z^o 

Amount of practice. 

For the practice experiments the instructions were not to tire or over- 
work the muscle but to exercise lightly and frequently. To show the 
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amount of practice done Table XII. was prepared from the subjects' note 
The duration of practice averaged 14)^ days. The average member 
tlexions in each day's practice varied from 115 to 458, the total avera 
being 310. The time of exercise was either early morning or late eve 
ing. No correlation could be discovered between the length and time 
practice and the girth gains, or the number of flexions and the girth gaii 
The two subjects, J. and K., who continued the practice over the longi 
period of days made the greatest gains at the final test in the number 
flexions of the left arm. The average of the periods of practice was 19 
days and their average gain in flexions, 369. For the other subjects t 
period of practice was 1 2 days and their gain in the left arm flexions 01 
83. This indicates that the transference of the efl'ects of practice is i 
immediate, but occurs afltr the efl'ects are noticeable on the side pn 
ticed. 

Tablk XIII. 
Comparison of risulti. 
Sub] eels. Conditions. ' Eesulla. 



40S 
4S8 
258 



Average 26I 14^ 310 6} 

A, aubjecl's age. 

It, prnclice period in days. 

C, daily average number of Bexions. 

Di giTtli gain of biceps, contracted, i 



3 



lU 



5>4 



\\ ^ 757 178 S-Sfi S 

E, girth gains of forearm, conlracled. 

F, gains in number of flexions. 

, G, gains in dynamometric pressure. 



Summary. 
Table XIII. is intended to exhibit at a glance the important conditio 
of the dumbbell test and the results obtained in relation to the amount 
practice. For example, H., i6 years of age, during a period of ii daj 
by lifting a weight of zyl kilos, with the right arm 458 times each da 
increased the girth of the right bicejis by 13°"° ; of left by 6*". T 
averages give the results which may be expected with the given com 
tions. The figures would vary undoubtedly with another set of subjei 
or should any of the important conditions \k changed. The gene 
condition to be emphasized is that by practice of one side of the bo 
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ing of the paper that otherwise would have been caused. The targi 
(Fig. 4) was devised by Dr. Scripture. It was composed of two boart 
60™ square, and 2"" and i™ thick. The lighter swung on the heavit 
one by a hinge at the top, thus forming a cover over it. A disc 47' 
in diameter was cut out of the thin board so that the center of th 
circle and the center of the boards coincided. At the ends of th 
perpendicular and horizontal diameters of the circle, four small nai 
with sharpened tops were inserted into the back board. Thin whil 
wrapping paper was used for targets. To place a target the thin covei 
board was raised, the paper was pressed down on the four nail poinb 
the cover was lowered and firmly clamped. The whole target wi 




securely fastened against the wall at the height of i^ ". To centi 
the target : a stick (Fig. 4) was fitted into two sockets on the cove 
A nail with a sharp top was fixed in the middle of the stick, so that 
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coincided with the center of the target. When the paper had been ad- 
justed, the stick was placed in the sockets and by pressure on its upper 
surface the nail on its lower surface was driven through the paper into 
the center of the target. The stick was then removed, and a black pin 
15"*" long, with a head 2^^**" in diameter, was inserted into the cen- 
ter to serve as a point to aim at. For each subject a distance from 
the target was chosen which seemed best adapted for his reach with the 
foil. This distance remained constant for him during the entire practice. 

Characteristics of the subjects. 

Four of the subjects were college freshmen, one a graduate student, 
and one a draughtsman. 

Their individual characteristics may be indicated in the following 
manner : 

I. Age, twenty-six. Graduate student. Temperament, ner\'Ous. 
Gymnast and athlete. 

L. Age, seventeen. Temperament, nervous. Ambidextrous. Gen- 
eral training in athletics. 

M. Age, seventeen. Temperament, phlegmatic. No gymnastic train- 
ing. 

N. Age, twenty-two. Draughtsman. Temperament, motor. Gexa- 
cral training and especially in gymnastics. Ambidextrous. 

O. Age, eighteen. Temperament, motor. No systematic ly>i;;y 
training. 

R. Age, eighteen. Temperament, nervous. No special trainfr.;^ tm- 
cept farm work. 

The average age of 19^ years should be favorable for 
curacy and coordination. 

Method of experiment. 

For the test the subject was allowed either to dress in a 
suit or to wear his ordinary clothes. In the latter case, hcNrei^. •-^ 
coat, collar and tie were removed to allow of free movemeDt m \r::,^ •,/ 
After the manner of dressing had been chosen, it remained the mc,'.*^ r'vr 
each subject throughout the tests and all the practice 

None of the subjects had fenced previously to the 
the subject came into the room for the first time, theloiinllljf Rrx#''*— ^■- : 
was described carefully, but briefly, and each was alloml tmo ',^ '•'*-: 
preparatory lunges — right-handed — before a record wai Ijfces. 
at the command ** Ready," he assumed the positkMly 
he thrust the foil at the target. The observer stood lod^mlfc ':. •'■■ :,'^r^'.:l 



•' i/ - 
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and marked the hole in the paper with a figure i. The lunge was im- 
mediately repeated until a record of ten thrusts was obtained. The paper 
was then removed and a fresh one placed in the target. Any important 
observations were also noted down. After five minutes the experiment 
was repeated with the left hand. 

The subject was practiced for ten days in thrusting with the right hand. 
Ten thrusts were allowed for each daily practice. At the end of the 
practice period, the initial test was repeated to compare gains in the right 
and left arms. Notes were also taken in respect to improvement in form 
of lunging. The tests were all taken about 3 P. M., and for each sub- 
ject all the conditions were kept as nearly as possible the same. 

Results, 

The figures tabulated in Table XIV. are distances in mm. from the 
center of the target and are the averages for ten thrusts. Subjects L. and N. 
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Increase 


in accuracy of , 


funging. 










Initial. 


Final 


1. 


Gain. 


Relative 


gain. 


Age. 


R 


L 


R 


L 


R 


L 


R 


L 


I. 26 


21.8 


46.0 


i6.8 


34.5 


5.0 


II. 5 


0.22 


0.25 


L. 17 


36.2 


39-9 


25-4 


2-J.2 


10.8 


12.7 


0.29 


0.30 


M. 17 


49.8 


72.8 


253 


44.4 


24.5 


28.4 


0.49 


0.39 


N. 22 


56.2 


50.4 


25-7 


35.4 


30.5 


15.0 


0.54 


0.29 


0. i8 


80.2 


86.5 


255 


32.7 


54.7 


53.8 


0.63 


0.62 


R. 18 


59-2 


47-9 


27.5 


44-9 


31.8 


30 


0-53 


0.06 


Average 193/3 


505 


57-2 


24.3 


36.5 


26.2 


20.7 


0.51 


0.36 



are practically ambidextrous, and in right and left initial tests they give 
average results not very widely separated. R. shows greater accuracy 
with the left than with the right although he is right-handed. In the 
final tests the right hand is more accurate in all cases. In three cases 
the left has made the greater gain in millimeters ; in the other three, the 
right. Four subjects made greater relative gains with the right arm ; 
two, with the left arm. The final averages show that the right arm is the 
more accurate. In the initial tests the average difference between right 
and left is 6.7°"°. In the final tests the difference is 12.2°*". Hence 
the right has made the greater average gain, the difference being 5.5""" 
in favor of the right. 

Table XV. gives the probable error, expressed in millimeters and also 
in per cent, of subjects O. and I. The point to be noted especially is 



Researches in cross-education. 



JJ 



that the probable error of the left arm has decreased as well as that of the 
right, though in each case the decrease is greater in the right. 





Table XV. 






Decrease of probable erron 




Probable error. 


Ptobable 
error in %. Probable error. 


Probable 
error in %. 


R L 


R L R L 


R L 


( In 12 46 12.02 
\ F. 2 86 3 62 


155 »3 9 /'"• 31-2 4.92 
11.2 II ^'\Y, 1.84 3.74 


143 16.9 
10.9 10.8 



Figs. 5 and 6 were constructed to illustrate the increase in accuracy 





Fig. 5. 



Fid 6. 



due to practice in lunging. The cuts exhibit the facts given in Table 
XIV. The average distances from the center in the initial tests are indi- 
cated by the outer circles ; the distances in the final tests by the inner ones. 

The effect of previous traiiiing. 

The fact that the left does not gain so much as the right is emphasized 
by the consideration that, since the right arm is. to begin with, more ac- 
curate than the left, there is less opportunity for it to make large gains. 
There is a point beyond which increase in accuracy is extremely slow. 
The largest gains were made by subject O. whose initial records were 
the most inaccurate of all. The smallest gains were made by subjects I. 
and L. whose initial records were the most accurate. 

Subject I., who is a trained man physically through gymnastics and 
athletics, made the most accurate average initial record. He was able 

3 



34 



Waiter W. Davis, 



after 1 5 days* practice to lower the record of the right arm by 5"", an< 
that of the left arm by 11.5""°. M. and O., who were very inaccurate a 
the initial test, had had no special bodily training ; at this particular tes 
of accuracy they made great improvement. The others did not exhibi 
striking characteristics in the records ; they were men of average bodil; 
training. An exception to the preceding statement is to be made in th 
case of R. , in whose case the left hand was superior to the right in th 
initial test and made only a small gain. 




Fig. 7. 
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Fig. 8. 
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X, upper line, serial number of thrust. 

-V, lower line, successive steps in subject's practice. 

K, distance from center of target. 



It is probable that accuracy, steadiness and coordination, when securec 
through any means of training, make their influence felt in any test tha 
requires such qualities for its successful performance. 
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Fig. 9. 




Fig. 10. 

Xy upper line, serial number of thrust. 

X^ lower line, successive steps in the subject's practice. 

K, distance from center of target. 

Influence of practice on average accuracy. 

The curves in Figs. 7, 8, 9, and 10 were made to illustrate the aver- 
age accuracy of the successive thrusts in the initial and final tests. X 
indicates the number of the thrust in the series of ten, and Fthe distance 
in millimeters from the center of the target. The initial and final records 
of subjects I., M., O. and R. were averaged to form the curves, the records 
of L. and N. having been cast out because these subjects were ambidex- 
trous. 
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Accuracy of skilled fencers. 

The records of four experienced fencers, all of whom teach the art, 
were secured and are shown in Table XVI. Of these F.L., N.L. and G.M, 
teach with the foil in the right hand and have never fenced left-handed. 
WA. though right-handed, teaches with the foil in the left hand. For 



Table XVI. 
A comparison of the accuracy of skilled and unskilled fencers. 



F.L. 
X.L. 
G.M. 
Average 

W.A. 

Six subjects of Table XIV. [ ^"^^**^- 

C Final. 



Average accuracy. Average of R and L. 



R 

36.3 
42.6 

40.5 

3?:8 
24.9 

50.5 
24.3 



L 
58.9 

579 
23.8 
57.2 
36.5 



49.8 
50.7 
46.0 
^.8 

243 
53.8 

30-4 



comparison with these records, the table gives those of the six subjects of 
investigation. The experienced fencers who had taught right-handed 
were not able to equal in accuracy the six subjects who had been practiced 
for ten days ; in fact they were not greatly better than those subjects at the 
initial test. W.A. is physically a perfectly trained man, and a teacher of 
gymnastics. These facts, together with his left-handed teaching, probably 
account for his accuracy. The inaccurate records of F. L. , N. L. and G.M. 
may be explained in two ways, (i) In fencing, accuracy is not culti- 
vated to any great extent, * but skill in parrying and the ability to get the 
thrust in at the right moment are considered the essential points. ( 2 ) Much 
of the accuracy of the six subjects is due to their practice under exactly 
the same circumstances. Possibly skilled fencers would be enabled to 
make unusually accurate records by a few days of similar practice. 



Ratio of accuracy between right and left arms. 

Table XVII. shows the ratios in accuracy between right and left arms. 
With one exception, the ratio has increased, as the result of the practice 
with the right arm. It is significant that the average final ratio of the six 
subjects is nearly the same as the average ratio of F.L., N.L. and G.M. 
For W.A. who fences with either the right or the left hand, the right and 
left sides are practically equally accurate. 



'ScRiKTURE, Tests of mental ability as exhibited in fcnci- g. Stud. Vale Psych. I^b. 
1894 II 123. 
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Table XVII. 






Initial ratio. 




Final ratio. 
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I. 




2.II 


I 2.05 


L. 




1. 02 


I 1.07 


M. 




1.46 


I I 75 


N. 




0.89 


I 1.37 


O. 




1.08 


I 1.28 


R. 




0.80 
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Average 




I 13 


I I 50 


F.L. 






I 1.74 


N.L. 






I 1.38 


G.M. 


■ 




I 1.27 


Average 






I 1.45 



W.A. 



0.95 



In the case of the skilled fencers, very little difference could be de- 
tected between the- ** form *' of the right and the left sides. The fencers 
themselves were surprised to find it so easy to lunge left-handed. Not 
only was there no apparent awkwardness, but the new movement was ex- 
ecuted with a considerable degree of precision and accuracy. 



Fatigue, 

The test was too short to allow the element of fatigue to enter to any 
extent. In many individual records, however, fatigue, or what produced 
similar effects, was present. Figs. 11, 12 and 13 are curves con- 
structed from individual records. X is the number of the thrust in the 
series, K, the distance of the thrust from the center of the target. The 
curve in Fig. 1 1, a practice record of subject L., shows a tendency to im- 
provement in accuracy which is regular till the eighth thrust. After this, 
fatigue seems to come in and the accuracy decreases with the tenth. In 
Fig. 12 the cur\e of M. shows improvement till the fifth thrust, in which 
the center is struck. Fatigue appears earlier in this record and there is a 
general decrease in accuracy to the end of the record. In no case did 
the subjects complain of fatigue, but the observer could detect a wavering 
of the foil point toward the end of records like Figs. 11 and 12. 
Though the subject was not conscious of it, the fatigue was evident in the 
decrease of accuracy and in the unsteadiness of the foil. 
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Fig. II. 




Fig. 12, 




Fig. 13. 
X^ upper line, serial number of thrust. 
Xy lower line, successive steps in subject's practice. 
K, distance from center of target. 
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Pig. 14. 



In N/s fourth practice record, shown in Fig. 13, there is no great 
variation from the first thrust. After each thrust the subject's nervous 
equilibrium is reestablished before the next thrust is made. 

The form of any individual curve is dependent on three factors. ( i ) 
The condition of the nervous and muscular systems. The exercise of 

the nerves and muscles in lunging tends to 
improve their condition and hence accuracy 
is increased. If the system is in prime 
condition, due to other exercise just prev- 
ious, this factor does not enter in largely. 
(2) Fatigue. This factor is more likely to 
affect the latter part of the curve. (3) Re- 
covery. This factor is in opposition to 
(2). If the system is able to recover itself 
completely after each thrust the effects of 
(2) are counterbalanced. In Fig. 9 the 
average of left initial test, factor (1) is evi- 
dent. The accuracy increases from the first 
to the last because the condition of the nervous and muscular systems is 
being improved by exercise. In Fig. 12, factor (i) is evident in the 
first part, factor (2) in the last part. In Fig. 13, factor (2) is counter- 
balanced by ( 3 ) . 

Types of j^rouping. 

When the records were measured the position of each thrust point was 
taken, and also its angle 
with a horizontal line 
passing through the 
center. The subjects were 
rather inclined to group 
their records in a particu- 
lar manner. Fig. 14 il- ^ * 

lustrates a type of group- 
ing that was generally 
given by N. It is the 
same record as that shown 
in Fig. 13, and is what 
may be termed an aver- 
age record. There are 5 
minus and 5 plus, 5 right 
and 5 left thrusts, and the accuracy is fairly constant. 

Fig. 15 illustrates a different kind of grouping. With the exception 
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grouping is, therefore, peripheral and not central or mental. The chief 
influence at work in regulating the accuracy is central or mental. 

V. Diversion of energy. 

The following experiments were undertaken with the hope that they 
might help to furnish some explanation of cross-education. 

Apparatus. 

This was the same as that used in the tapping test first described, 
except that another key was clamped to the lap board, to allow one for 
each hand. 

Method of experiment. 

Records of five seconds of tapping were taken for the right hand, both 
tapping alone and also in connection with the other members. The 
records were taken in the following order: (a) direct, (i) right hand 
alone, (2) right and left hands together, (3) both hands and right foot, 
(4) both hands and both feet ; {b) reversed, in the order (4), (3), (2), 
(i). In all cases only the right hand made a record. For each subject, 
two series of records were taken on each of four days. On the first and 
third days the records were taken in the direct order, and on the second 
and fourth days in the reverse order. When more than the right hand 
was tapping no attempt was made to have the difl'erent members tap with 
equal rapidity. The subject was instructed to devote as much attention 
to one member as to another and to tap as fast as possible with each. He 
did not know that the tapping of the right hand alone was being re- 
corded. The seven subjects were Divinity and Graduate students of 

Yale University. 

/Results. 

Table XVIII. gives the results obtained for the seven subjects. 
The figures here are made up from two averages. The average of two 
tests in the direct order was combined with that of two tests in the re- 
versed order. 

From the table it is evident : ( i ) that in general the right hand tapped 
more rapidly alone than in connection with the other members, (2) 
this difference in rapidity was not so marked on the third and fourth days 
as on the first and second. Even so short a practice made a striking 
change. In all cases, in the average of the first two days, the right hand 
was most rapid alone; except in the cases of H. and V., this difference 
was marked. In the average for the last two days, in all but two subjects, 
H. and V., the right alone was still more rapid though the difference in 
rapidity is small ; on the contrary H. and V. were able to tap most rapidly 
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when all four members were tapping. The facts were generalized in the 
final averages. In the total average for the right hand alone the record 
was 36.9 for the first and second days, 36.3 for the third and fourth days, 
so that no gain in rapidity was made. The right hand's total average for 
tapping in connection with all the other members was for the first days,. 
29.7 and for the last, 34.7, a gain of 5 taps for 5 seconds, or 16%. 

Table XVIII. 
The influence of practice on automatic movemetits. 







1st and 2d days. 






3d and 4th days 






(I) 


(2) 


(3) 


(4) 


(0 


(2) 


(3) 


(4> 


H. 


35 


36 


34 


11 


36 


37 


38 


39 


S. 


27 


28 


21 


18 


35 


32 


32 


33 


T. 


45 


46 


41 


39 


44 


41 


41 


42 


V. 


38 


35 


33 


36 


33 


34 


35 


36 


X. 


34 


29 


20 


20 


35 


34 


31 


28 


Y. 


42 


42 


27 


31 


39 


39 


37 


34 


Z. 


36 


31 


32 


28 


31 


31 


27 


28 


• • 


369 


35.6 


31 4 


29.7 


36:3 


34.2 


34.8 


34.7 


• • 


1. 00 


0.96 


0.85 


080 


I cx> 


0.94 


095 


09s 
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Total average . . 
Relative average 

( 1 ) Right hand alone (3) Right hand with left hand and right foot. 

(2) Right hand with left hand (4) Right band with left hand and both feet. 

The last line of Table XVIII. shows the changes in rapidity that 
occurred with a practice of four days, giving the proportional 
rapidity of the right hand under 
the different conditions. In the 
tests of the first two days the right 
hand lost 209& of its speed while 
tapping with other members, in the 
last two days, only 5 % . Fig. 1 7 
represents the same facts in the form 
of a curve. X gives the number of 
members tapping, and K, the num- 
ber of taps in 5 seconds; while only 
the right hand is being recorded. 
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f I 1 

Fig. 17. 
Xy upper row, numberofmembersusedin 



The continuous line is the average of tapping. 

the first two days, the dotted line -^'» lower row, number of members in 

that ofthe last two days. There is a ^^^»"^" ^° "S^^ ^"S*^*"' 

- , . , . , . K number of taps in 5 seconds made by 

sharp descent in the continuous line, . u. 1 c .u v, r ^«.: « 

^ ^ * right mdex finger, the heavy line representing 

while the dotted line is more nearly the average for the first two days of practice, 
straight. This indicates that prac- the broken line that for the last two days. 

tice has increased the ability of 

the right hand to tap in connection with the other meml ers. 
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With a longer practice the right hand, in multiple tapping, would un- 
doubtedly excel in rapidity its record while tapping alone. This was 
true in the case of H. and V. who at first gave four records of nearly equal 
rapidity. 

Reguiarity of tapping. 

During the last tests of the experiment several of the subjects remarked 
that the multiple tapping had become easier, that they only needed to 
'^ set the machinery going and it went itself.** The experimenter, listen- 
ing to the tap counter, observed that in multiple tapping the right hand 
was more regular than when tapping alone. A specimen record is given 
to illustrate this fact. 





1st. 


2d. 


Average. 




(4) 


39 


36 


37,^ 


Tapping very regi 


(3) 


36 


35 


35 >^ 


it (( (( 


(2) 


35 


34 


34>^ 


Tapping irregular 


(0 


33 


34 


33 >^ 


(( (( 



The complete record was taken in the reverse order, the observations 
appended being written down between the consecutive 5 second records. 
The irregularity is probably caused by too great concentration of energy 
or attention at one point — too much for the muscles to react to or prop- 
erly dispose of. Hence the time was slower. It does not appear that the 
cultivation of the power to attend to several members at once is respon- 
sible for the increased rapidity in multiple tapping, since there was an actual 
decrease of attention in the later tests. For the same reason the increase 
of stored energy would not account for the fact. Very little energy is re- 
quired during the short test, and one is able to tap continuously, without 
decrease in rapidity, for several minutes, while here there was a rest of 15 
seconds between each 5 second record and the succeeding one. 

The experiments of Welch* give results similar to those described 
above. She concludes that rhythm of the left hand affects the right hand 
for the pull of the dynamometer, but that after practice this influence dis- 
appears. The explanation of such facts is probably found in the develop- 
ment of lower automatic centers by practice. After this development 
two acts, each of which at first requires conscious attention, become easy 
of simultaneous performance because the new automatic centers control 
the movements independently of the mind. 

Fig. 17 exhibits the fact that in the first day's practice the right hand 
taps about as rapidly whether tapping alone or in connection with the 



' Welch, On the measurement of mental activity throni^h muscular activity and the de- 
Jermination of a constant of attention y Amer. Jour. PhysioL, 1898 I 283. 
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left hand, while much of its speed is lost while tapping with either one or 
both feet. This means simply that one arm is in closer nervous con- 
nection with the other arm than the upper limbs are with the lower. 

VI. Theoretical. 

An explanation of cross-education cannot as yet be completely and 
satisfactorily made. To aid in the explanation of the fact certain ex- 
periments of other observers are here brought together. 

Experiments in diversion, 

Lombard, * in his work with Mosso*s ergograph, has shown that the 
strength of the right and left hands may vary either synchronously or in- 
dependently. By means of two ergographs he secured records of both 
hands at the same time. He concludes that the variations are not due 
to any abatement of will power or jittention, or to the fatigue of muscle ; 
but rather to changes which affect the lower centers of the spinal cord. 
The variations in strength which occur synchronously are due to changes, 
probably circulatory, affecting large parts of the central system ; those 
which occur independently are due to local changes. 

Bryan's' experiments in tapping, carried on with children of different 
ages, prove that the effects of effort, through either extremity, are shared 
by both ; and that the tapping ability of a joint is affected by the 
simultaneous exertion of the symmetrical joint on the other side. 

Patrizi' found that the strength of one hand varies whether it works 
alone or with the other hand. In his tests with the ergograph he found : 
(1) that in simultaneous action, the right hand could do 3.67 kgm. of 
work, and left, 2.94, total, 6.61 ; in alternative action, right, 3.72, left, 
3.58, total, 7.30 (it should be noted that the gain in alternative action 
is made chiefly by the left hand, as if, in simultaneous action, more atten- 
tion were paid to the right hand than to the left); (2) that with the left 
hand in isolated action, its work was 4.63 kgm.; and with the left work- 
ing alternately with the right, its work was 5.64 — a gain of i.oi or 
2i.S% — showing that the action of the right hand reinforces that of the 
left. 



* Lombard, Som^ alterations in the strength which occur during fatiguing voluntary 
muscular work^ Jour, of Physiol., 1893 XIV 1 13. 

'Bryan, On the development of voluntary motor ability^ Amer. Jour. Psych. 1892-93 
V 201. 

•PATRlzr, La simultaniiti et la succession des impulsions voluntaires symltriqueSy 
Archives Ital, de Biol., 1893 ^^^ 126, of which an abstract appears in the Annec 
Psych., 1894 I 452. 
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The experiments of Welch,' as well as my own already described in 
the section on Diversion of energy ^ reinforce these researches in establish- 
ing the very close nervous connection existing between the right and left 

limbs. 

Experiments on fatigue. 

In Mosso's* experiments^ with the ergograph, results appear to prove 
that muscular and central fatigue are quite distinct and independent. 
Fatigue, if considered as decrease in capacity for work,' is due almost 
wholly to influences that are central. After complete volitional fatigue, 
the muscle may be made to do much more work by electrical stimulation 
■either of the muscle itself or of the nerve leading to it. Lombard,* and 
RossBACH and Harteneck* support Mosso in these conclusions. 

Such considerations simplify the explanation of transference of practice; 
for if fatigue is chiefly central it is here that we must look for the most 
marked changes due to exercise. The effects of practice for the two 
hands, for example, are brought to an organ that has many things in 
common for both members. 

Observations on attention and will power, 

Toulouse • has proved the great importance of attention in acts of vo- 
lition. The ability to pay attention decreases in all mental maladies. 
By means of the dynamometer he found that persons affected with dis- 
eases of the mind can exert only a feeble pressure, and he concludes that 
this inability is due to their lack of power to concentrate attention. 

Stumpf,' in commenting on the investigations of Fechner and Volk- 
mann, described above on pages 6 to 7, makes the development of at- 
tention of great importance in transference. **The capability of con- 
centrating attention on a certain point in question, in whatever field it is 
acquired, will show itself efficacious in all others.*' Fechner, too, in 
this connection emphasizes attention. 

* Welch, On the measurement of mental activity through muscular activity and the 
iletetmination of a constant of attention ^ Amer. Jour. PhysioL, 1898 I 283. 

* Mosso, Ueber die Gesetzc der Ermiidungj Arch. f. Anat. u. PhysioL, Physiol. Abth., 
1890 89. 

'ScRimRE, The New Psychology, 228, liondon 1897. 

* Lombard, 7 he effect of fatigue on voluntary muscular contractions, Amer. Jour. 
Psych., 1890 III 24, also flffet de la fatigue sur la contraction musculaire voluntaire. 
Arch. IlaL de liioL, 1890 II 380. 

5R0SSBACH AND Harteneck, Muskelvcrsuche von Warmblutern, Arch. f. d. ges. 
Physiol. (IWger), 1881 XV 2. 

«ToCLOl'SE, Notes sur quelques expl^rienccs dynamomitriques chez Ics alienis, SJoc. dc 
Biol , 1893 V 121. 

'Sti'mtf, Tonpsychologie, 1883 I Si. 
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Gilbert and Fracker's recent investigations* of reaction -time for 
sound prove that practice in reacting to one form of stimulus shortened 
the reaction-time for other forms. Like results were found for the ability 
of discrimination. 

ScRiFi'URE*s* hypothesis for explaining cross education is ** physio- 
logically speaking, that the development of the center governing a par- 
ticular member causes at the same time the development of higher cen- 
ters connected with groups of members. Psychologically speaking, 
development of will power in connection with any activity is accom- 
panied by a development of will power as a whole. * * 

Observations on mirror-writing. 

Saltmann,* Piper * and Treitel * have investigated the subject of 
mirror-writing, both in normal and abnormal persons and in children and 
adults. Their results show a greater tendency to reversed writing in the 
young and in those suffering with nervous disorders or sensory deficiency, 
notably in the blind, deaf and idiotic. 

GoLDSCHEiDER,* in his review of Saltmann's article, explains mirror- 
writing as due to the greater influence in some p>ersons of motor sensations 
over optical percepts. He considers that two directing factors must be 
distinguished in the production of writing ; the optical percept of the 
written sign and the motor sensations involved in the movements. In 
mirror-writing the motor sensations correspond to those in direct writing, 
but the written signs do not correspond to the optical percepts. The 
sequence of innervation occurs in this case under the influence of the 
motor sensations which appear to be dissolved from the optical percepts. 
These latter form the principal factor in general and with normal persons ; 
passing through the series of innervations according to motor sensations, 
represents a lower, partly mechanical type. 

Goldscheider's review apparently explains mirror-writing and also 
the transference of the effects of practice. If in certain persons the 



1 Gilbert and Fr acker, The effect of practice in reaction and discrimination for 
sound upon tht time of reaction and discrimination for other forms of stimuli y Iowa Stud. 
PSych., 1897 I 62. 

* Scripture, Recent investigations in the Yale Laboratory ^ Psych. Rev., 1 899 VI 165. 

•Saltmann, Schrift und Spiegelschrift b. gesunden u kranken Kindern^ Festschr. z. 
Henoch's 70. Geburtstag, 432, Berlin 1890. 

•Piper, Schriftproben von schwachsinnigen Kindem, Berlin 1893, reviewed in Zt. f. 
l^sych. u. Physiol, d. Sinn., 1893 VI 74. 

*Trritel, Ueber das Schreiben mit der Hnken Hand und Schreibstorungen, DeuL 
2l. f. Ncnrenhcilk., 1893 IV 277. 

*Goldscheider, Zt. f. Psych, u. Physiol, d. Sinn., 189 1 II 414. 
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motor sensations have a greater influence than the optical percepts, 
then by the transferrence of the motor sensations a movement is made on 
the other side that is symmetrical to the movement practiced. This 
symmetrical movement produces the writing in the reverse direction. 

Reflex action, 

Walton * has shown the intimate connection between the centers 
of motion and sensation and between the motor centers for different 
groups of muscles. The muscles of a frog under the influence of strych- 
nine may all be put into a condition of tetanus by the stimulation of 
only one point of the skin. In ordinary reflex action the motor center for 
the muscle of the eyelid must be closely connected with the sensory center 
for the cornea, as the stimulation of one causes a contraction of the other. 

HoFBAUER ' has proved by means of the ergograph that a stimulation of 
the sense of hearing may excite a muscle to greater action. A pistol shot 
at just the right moment causes a higher contraction than ordinarily ; but 
if it occurs a moment too soon or too late the contraction is hindered. 

Ol>sen^ations on the overflow of energy. 

The researches of Exner ' in reflex and cortical stimulation in the dog 
establish several important facts. ( i ) • The two methods of stimulation 
may reinforce each other. (2) A cortical stimulation which concerns 
only the left foot reinforces the reflex act which, it might appear, con- 
cerns only the right foot and its central organ. That is, if the motor 
area for the left foot is stimulated electrically and at the same time the 
right foot is stimulated for reflex action, the movement produced in the 
right foot is greater than if only reflex stimulation is used. It wa5> 
found, too, that cortical stimulation of the area governing one front foot 
reinforces reflex action in the hind feet, and likewise the reverse. 

Urrantschitsch,^ in his experience with pathological subjects wit:Vi 
diseases of the eye and ear, has found true for the sensory nerves wV^^* 
Exner found for the motor nerves. Sensations, as well as motor i 
pulses to action, may affect parts seemingly not immediately concern^ 



'Walton, L'chcr Rt'Jle.xbinvei^uni^ lits Strychnin fjosches^ Arch. f. Anat. u. Physi<^* 
Physiol. Ablh., 188246. 

* HOFHAUER, Interferenz ztvischcn vvr$ihicdt-ncn Itnpuhen im Centralnervem^ys^^^' 
Archiv f. d. gcs. Physiol. (Ptliigcr), 1898 LXVIIl 546. 

^ ExNKR, Zur Kcnntniss von der Wcchschvirkun}:; der Errggungen im Cmtralner'Z^*^'^ 
system, Archiv f. d. ges. Physiol. (PflUger), 1882 XXVIII 487. 

♦ Urb-XNTSCHITSch, L't'her dc7i Einfluss von Trigeminus- Meizett auf die Sinnescm/>A^'' 
dunggUy insbesondvrc auf den Gcsichtssinn, Archiv. f. d. ges. Physiol. (Pfltiger), jS^J 
XXX 129. 
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An hour's exclusive operation on the right eye showed on the left a rela- 
tive enhancement of the ability to see. In many patients with chronic 
catarrh of the middle car the observer was surprised to find that an im- 
portant pathological influence was transferred from the ear to the 
sense of sight. 

Damsch* explains the spreading of nervous impulses to action as due to 
the close connection of all motor centers. Impulses from the motor 
centers tend to spread themselves by their entrance into the great central 
brain ganglion — where fibers from all motor centers come together and 
are intimately connected. This spreading of impulses is hindered by a 
checking, or inhibiting, apparatus which keeps the impulse from going 
the wrong way. This apparatus is much improved by practice. In the 
young and in certain nervously disordered persons it is deficient. 

It was noticed in the tapping experiment that there was a tendency at 
times for the subject's left foot to make movernents to accompany those 
made by the right. Damsch's explanation for such movements is that 
the impulse sent to the right foot has in part escaped through the check- 
ing apparatus and gone the wrong way. In learning an act that involves 
fine coordination it is very obvious that the pupil executes many move- 
ments that are entirely unnecessary. The nervous impulse has flowed 
out into wrong channels. These observations show how closely related 
are the motor centers governing symmetrical or associated parts and how 
an influence sent out from the central nervous system to a peripheral organ 
may be felt in other peripheral organs also. 

Conclusions. 

The following conclusions may be drawn from my own experiments 
and those of other observers. 

a. The effects of exercise may be transferred to a greater or less de- 
gree from the parts practiced to other parts of the body. This transfer 
cnce is greatest to symmetrical and closely related parts. 

b. There is a close connection between diff*erent parts of the muscular 
system through nervous means. This connection is closer between parts 
related in function or in position. 

c. Will power and attention are educated by physical training. When 
developed by any special act they are developed for all other acts. 

Explanation of cross-education. 
With conclusions h and c established the explanation of transference is 

*Damsch, Ueber Mitbtiuegungen in symmetrise fun Muskeln an nicht-gelahmtcn 
Glitdcm, Zt. f. klin. Med., 1891 XIX 170. 
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probably reached. There is no doubt that the most important effects of 
muscular practice are central rather than peripheral. The central effects 
may be distinguished as : ( i ) those dependent on the development of 
motor centers, that is, their improvement through exercise; (2) those 
dependent on the development of psychical factors, notably attention and 
will power. Of these two effects we would emphasize the first as the 
more important. In fact, in the tapping tests close attention and a strong 
will power were hindrances. In tests requiring strong effort these fac- 
tors are useful. 

With the improvement by exercise of the motor centers governing the 
right arm, there is through the close nervous connection an improvement 
also of the center governing the left arm. Besides this in tests where 
will power and attention are necessary, these elements are developed bj' 
the exercise of the right arm and are efficacious also for the left. 

The peripheral effects of exercise cannot be ignored altogether. It 
has been noted before that in the dumbbell test, the left arm did no 
improve, relatively to the right, to so great a degree as it did in the other 
tests. It did not gain endurance to an extent comparable to the gain in 
the right. In purely muscular tests it is necessary not only to develop 
the center of motor control, but also to develop muscular tissue. The 
muscles must be put into better condition to gain endurance. It has 
been seen that the left arm gained in girth and to a varying extent in 
the power of endurance. This can be explained only by increased 
muscular nutrition. 

The measurements to determine if the circulation varied alike in both 
arms when only one was exercised, gave negative results. That the cen- 
ters governing the nutrition of the right and left arms are affected alike 
by the exercise of either arm, suggests itself as a probable reason for the 
increase in girth in the arm not used. 
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W. Smvthe Johnson. 

I. Triangular movement. 

The subject was required to tap continuously at the comers of an equilat- 
eral triangle whose sides measured zo"°. This triangle was Tormed by a 
special triangular contact key. Fig i with knobs 20°" from each other 
This key was originally constructed at Dr Scripture s suggestion for 
use in testing school -children bj 
Gilbert, by whom, however, it »as 
used merely for tapping and not as 
a habit -key. ' 

The key was placed in circuit 
with a 4 ampere battery and the pn 
mary coil of a spark coil, the con 
denser being connected around the 
break. From the poles of the sec 
ondary- coil, one wire led to the 
base of the recording drum, the 
other to the base of a 100 v d 
electric fork bearing a flexible point 
on one of its prongs. Pressure on 
one of the key-knobs closed the 
primary circuit for an instant. When the circuit was broken a spark 
passed through the smoked paper on the surface of the drum making a dot 
on the time line drawn by the fork. Each spark thus indicated a tap on 
one of the three key-knobs. The time between the sparks could be read 
to the thousandth of a second.' 

The subjects included : K. (Kochi) and M. (Matsumoto), who were 
Japanese students of psychology; P. (Powell), a student of English ; 

' Gilbert, Retearchn on Ike nifnlat atui physhal deivlo/tment ef Kbool-MMren, Stutl. 
Y«le Paych. t«b., 1894 II 40 (especially p. 40 and Fig. 5) 

•The unngemenl of the recording apparatus was identical with that of Exercise IX 
in Scripture, Eltmtnlary cotin/ in psyihelegical mcdsurfmmls. Stud. Vale Psych. Lab., 
1S96 IV 113; it is shown in Scrhtitre, New Psychology, froniispiece, London 1897. 
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L. (Lloyd), a student of philosophy; H. (Hawkins), a student of divinity; 
S. (Dr. Scripture); and J. (Johnson). 

Before beginning the experiments the subjects were requested to 
devote their attention and energy to the exercise throughout each experi- 
ment and always to make as fast a record as possible. They were also 
instructed to practice no similar movements at any time outside that of 
experimentation. They were not allowed to inspect their records nor 
were they given the least intimation whether they were gaining or losing ; 
exceptions to this rule occurred in the cases of J. and S. 

The person experimented upon was placed in a quiet room.* The 
triangular key lay on a table. The subject stood while performing the 
experiment, as it was found that this position allowed the freest movement 
of the forearm. He fixed his gaze on the key. Before beginning an ex- 
periment a preliminary trial was allowed in order to acquaint the fingers 
with the relative positions of the keys. The subject was also asked to 
endeavor to regulate the tension of his muscles commensurate to the strain 
of tapping fifty successive times. Unless thus cautioned, he was almost 
certain to break down before the end. If he did not break down com- 
pletely, he would at least miss some of the knobs in making the succes- 
sion of movements. The caution was given only at the beginning of the 
whole set of experiments as it was merely intended to prevent the adop- 
tion of too high a standard in the beginning. It was not again men- 
tioned lest the mental standard chosen in the first experiment should be 
changed. It was found that the subjects followed this request with re- 
spect to the left hand more closely than with respect to the right hand. 

With all the subjects except S. and J. the experiment was first per- 
formed with the right hand, then with the left, and again with the right. 
In the case of J. only the right hand was used and in that of S. only the 
left hand. 

Fatigue showed itself (i) when the subject completely broke down, 
(2) when he struck the knob of the key so inaccurately that he knocked 
it out of place, (3) when he missed one of the knobs of the key. The 
last case was the usual one and when it occurred the experiment was con- 
sidered to have ended. By counting the records to this point we have a 
result practically free of fatigue. 

Daily average. 
The average tapping time for each day is shown in Table I. Curves 

^ Described by Scriiturk, New Psycholog)', 136, London 1897. 
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corresponding to the table are presented in Figs. 2, 3, 4, 5, 6. A com- 
parison of these curi'es shows that, while each takes a direction deter- 
mined by individual characteristics, yet they all follow closely the same 
law of gain. 

Table I. 

Average inien'al between taps on successive days. 
Hand Serial number of experiment. 



Subject. 


used. 


I 


2 


3 


4 


5 


6 


7 


8 


9 


10 


II 


K. 


\i 


308 
300 


283 
293 


2S0 
316 


277 
278 


268 
276 


242 

a.ss 


241 
243 


213 
239 


212 
234 


209 
230 


203 
226 


M. 


M 


294 
314 


314 
3a I 


302 
302 


287 
28S 


271 
262 


281 
281 


242 
274 


239 
273 


235 

253 


229 
250 


206 

187 


S. 
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219 


23s 


217 


201 


197 


188 


185 


182 


172 


162 




J- 
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224 


219 


210 


206 


230 


203 


195 


191 


171 






P. 
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244 
226 


196 
203 


175 
173 


157 
198 


186 


143 
174 












L. 


SR 


245 
261 


210 
244 


194 
223 


174 
199 


169 
192 


i.>7 
1S6 












H. 


SR 
if- 


212 
240 


169 
174 


159 
172 



















The unit of measurement is lo" =0.001". 

The number of measurements in each case was from 40 to 50. 

The probable errors of the determinations vary from ihf * to rb lo". 

An omission of one or more days did not in every instance materially 
effect the amount of gain resulting from practice. An interval of two 
days between the first and second experiments of P. and L. did not seem 
to ^ffect their records ; an interruption occurring between the fifth and 
sixth days with the subjects K. and M., and between the fourth and fifth 
days with J. and S., showed its effect on J. and M. very clearly, but in 
only a small degree on K., and seemingly not at all on S. 

The losses on the fourth, fifth and sixth days with P. (left hand) may 
be attributed to the fact that he unthinkingly reversed the original 
direction of the movement in using the left hand. In the three previous 
exercises he had made his hand move clockwise. All the subjects except 
J. were right-handed and the right hand was always moved counter- 
clockwise, the left moving clockwise. The hands were thus moved sym- 
metrically but in opposite directions. The subject J., however, moved 
his left hand counter-clockwise and his right hand clockwise. This would 
seem to indicate that the centers governing the rotary movements of 
the muscles in right and left handed persons are diametrically opposed 
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Fig. 2. 




Fir.. 3. 



•---?^; 




Fk;. 4. 



A', upper line, serial numl)er of experiment. 
-V, lower line, days of previous practice. 
1', tap time in thousandths of a second. 
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Fig. 5. Fig. 6. 

-rV, upper line, serial number of experiment. 
-V, lower line, days of previous practice. 
y, tap time in thousandths of a second. 

to each other. A few experiments were made on another left handed 
person ; the same direction of the movement of either hand was chosen 
as with J. However, I caiised him to reverse the direction of the move- 
ment of the right hand so as to move counter-clockwise. As a result the 
movements of the right hand were much slower and fatigue set in 
earlier. Moreover, there was less regularity in the movements of the 
right hand. 

Daily probable error. 

The change in the probable error for successive days, given in Table II., 
may be considered as an expression of the development of automatic 

control over the movements of the hand. 

Tablk II. 

Probable error on successive days. 



Subject. 



Hand 
used. 



Serial number of experiment. 
4 S 6 7 8 



10 



II 



K. 




50 
80 


38 
51 


23 
18 


36 
38 


32 


43 
29 


37 
20 


16 


15 
27 


17 
40 


20 
18 


M. 


{I 


30 
35 


37 
38 


26 
19 


47 
20 


29 
24 


36 
30 


20 
22 


20 
26 


20 
27 


14 
17 


13 

42 


S. 


L 


39 


31 


37 


27 


31 


28 


37 


39 


27 


27 




J. 


R 


39 


36 


48 


26 


35 


42 


29 


33 


30 






P. 


{I 


30 
26 


18 
23 


18 
19 


20 
18 


15 
15 


14 
15 












L. 


ii 


35 
31 


30 
28 


29 
24 


21 
23 


17 
19 


20 
13 












H. 


{",. 


36 
27 


21 
27 


27 
32 



















The unit of measurement is i®" =0.001*. 

This table gives the probable error of the tapping times from which Table I. was 
Computed. 
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The probable error P was calculated according to the formula 



n — I 



where r,, ?',, . . ., 7'^ are the errors for the n measurements. Table I] 
shows a decrease from day to day which closely corresponds to the aver 
age daily decrease in the intervals between taps. 

An average of the decrease in the probable error of all the subjects fo 







Fig. 7. 

A', upper line, serial number of exj>eriment. 
-V, lower line, days of previous practice. 
}', tap time in thousandths of a second. 

each hand was made; a graphical representation of it is given in Fig 
7. Though the error for the left hand was larger than for the right, th 
curve for either hand takes about the same direction. Hence the centei 
governing the left-hand movements, though less developed, are suscepl 
ible to the same law of gain in automatic control. 

The irregularities in the daily decrease of the error may be accounte 
for in part by the variations in the nervous condition of the subject fror 
day to day. Moreover, the preliminary trials given just before beginnin 
each ex])eriment, which were always the same in number, were not sui 
ficient in every case to arouse the nervous centers so as to get the best re 
suits from practice, for I observed that in a few instances the tappin 
time was very slow at first, but rapidly increased in speed during th 
first part of the experiment, which caused a larger probable error. Thi 
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tration of this may be seen in the results for J., sixth day, where 
reached the highest probable error of his whole set of experimenis, h; 
ing inadvertently received an electric shock just before beginning t 
experiment. 

The rapid decrease in the intervals between taps with P. (right hand, F 
4)emphasizes the influence which previous training of any one set of muse 
has upon the formation of automatic control where the form of movem< 
is changed only as to direction. It is even more manifest in the decre; 
of the probable error. Although the movements involved in this ex 
cise were different from those required in piano playing, yet the years 
previous training had developed the centers controlling the moveme 
of the hand to respond quickly and with considerable regularity ; so wh 
the movements became circular (as was necessary in tapping the th 
keys) it was only necessary to establish the one additional element in^i 
automatic centers, the direction of the movement of the hand. 

Averages of successive taps. 

My observations during different experiments each day convinced ; 
that the subject gained in rapidity of tapping constantly from the begii 
ing of the experiment until the close or until the setting in of fatigue, 
tested and corroborated my conviction in the following way : Review! 
the protocols, I derived an average from all the first taps, then from 
the second taps, and so throughout the whole series. That my c< 
viction was correct is clearly shown by the fact that in every case i 
tapping time was decreased, ranging from 30*^ to 100^. 

Consider ng the large number of experiments n>ade and the number 
subjects included in these tests, the constant increase in rapidity of m 
cular action during each experiment exceeded our expectations. Inde< 
it may be stated as a law of practice wherein rapidity is the object: 
point, the movement does not follow any rhythmical law of increase a 
decrease, but constantly increases in speed until the setting in of fatigi 

A few experiments wer^- made wherein the tapping time was long cc 
tinued, which showed that when fatigue first sets in, the subject loses 
a short time, then there is a renewal of effort and the speed is constan 
accelerated for a certain period, but not so long as in the first. As ea 
successive period of fatigue came on, the successive period of increase 
speed was shorter ; this was continued until that state was reached wh< 
the alternations were so rapid as to effect a'most every other tap. T 
accords with the assertions of other investigators who have directed th 
investigations especially to the study of fatigue.*' 

» Moore, S'nius of fatii^ue. Stud. Vale Psych. Lab., 1 895 III 68; Binkt 
V.\SCH1DE, Experiences de vit sse^ Annee psychol., 1 897 IV 267. 
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The lack of the development of the centers governing the movements 
of the left hand not only caused the tapping time to be slower than for 
the right hand, but the amount of gain during each experiment was also 
less. For instance, the average amount of gaitt for the right hand of K. 
was 90*^ in 20 taps, while with the left he gained only 40*^. Stated in 
words, the gain with the left hand of all of the subjects was much less in 
proportion to the rapidity of its movement. 

Although P. was the most rapid, yet he gained less in amount than the 
other subjects during each experiment, for the right hand gained only 
5 of and the left possibly lo*' . This demonstrates the fa* t that, as the 
muscles come more completely under control, the influence of practice 
becomes less during each experiment. With L. , however, the results for 
the left hand are more favorable, namely, a gain of 40*^ with the left 
hand, compared to a gain of 50*' with the right. The results of H. are 
exceptional in that the gain was equal for both hands, namely, only 30*^. 
With the subjects K., M. and P. the centers governing the left hand 
were slower in their activity and less influenced by training than with L. 
and H. 

In like manner, the probable error for successive taps was determined. 
It showed a tendency to decrease as the experiment progressed. 
If the subject put forth the greatest effort in the beginning of the ex- 
periment, the error was correspondingly greater in the first part. But 
when the special effort was lelaxed. the muscles reverted to their more 
accustomed speed of adjustment, and at the same time became more 
regular in their functioning. Therefore, a minimum gain in rapidity 
during any practice period is the best condition for impressing that 
standard upon the nervous centers ; as a result the decrease of the prob- 
able error is correspondingly accelerated. This principle is well illus- 
trated in the results obtained for the subjects J. and P. both of whom 
gained very little in rapidity of tapping during the progress of an ex- 
periment, but who, however, made considerable decreases in the prob- 
able error. As long as spasmodic accelerations are observable throughout 
a short series of practice, the automatic control over the muscles may be 
considered imperfect, the degree of imperfection being indicated by the 
amount of the probable error. 

Relative ^ain by practice. 

Although the gain from day to day varies in response to the mental 
and physical condition of the subject, yet we may suppose from the con- 
formity of results of all the subjects that, the acquirement of muscular 
facility, or, physiologically, the transition from that state which demands 
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constant fixation of the attention to the state of automatic control fol- 
lows as closely a mathematical law as do falling bodies. The difficulty 
in finding such an expression is partly due to the difficulty in getting the 
subject under the same physical and mental conditions at each experi- 
ment and partly to the lack of scientific results on allied subjects upon 
which the law of habit must also depend. For instance, some of the 
personal factors of our problem causing variations in the results obtained 
from different individuals are : differences in muscular memory for differ- 
ent individuals ; different physical conditions due to differences in the 
constituents of the blood, etc. ; the rapidity of the heart-beat ; the tem- 
perature of the body ; the power of the fixation of the attention ; the in- 
terest in the experiment ; and the influence of emulation. The more 
nearly these various conditions approach the normal and the more accu- 
rate the measurements are, the nearer will the results for different individ- 
uals conform to the same law of gain in rapidity and regularity of muscular 
adjustments. This law of development may receive mathematical ex- 
pression either by percentages or by algebraical formulae. Of these two 
methods, I have adopted the former. I have adopted a method some- 
what similar to that used by Amberg^ for determining the percentage 
of gain by practice. It will be seen, however, that I do not adopt his 
method without modification. 

We took the average tapping time at the first experiment as a measure 
of the subject's ability without any previous training. The difference 
between the averages of the first and second experiments was taken as 
representing the influence of practice during the first experiment. Like- 
wise, the average tapping time of the third experiment was subtracted 
from the average of the first. This process was repeated throughout the 
series. Then taking the sum of the whole number of gains over the 
average of the first experiment and dividing by. the number of experi- 
ments, we obtained the average gain for the whole series over .the 
results of the first experiment, which was expressed as a percentage of the 
average tapping time at the first experiment. But this did not complete 
the series, for at the succeeding experiment he began the practice anew 
just as at the first experiment. It was, therefore, necessary to repeat the 
same calculation, taking the average tapping time at the second experi- 
ment as the basis. In like manner, we contmued the process for the 
whole number of experimenjs, thus obtaining the average i>ercentage of 
gain, taking each succeeding experiment as the beginning of a series. 
Then dividing the sum of these percentages by the number of experiments 

' Amherc, Ucber dt^n EinJItt^s 7vn Arbcitspauscn auf die geisti^e Lei$tun^sfahi^keit^ 
Psychologischc Arbeiteii (Kraepelin), 1896 I 30$* 
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we obtained the average percentage of gain for the whole series of experi- 
ments. 

The formula for the computation of these percentages may be stated in 
the following way. 

Let the averages for the ist, 2d and 3d, •••, nth. days ht a, b, c, -"^ L 
Then take 



(O 



{a - /O + (« - + (^ - 'O + - + («-/) = ^, 

(/^-0+ (^-^/) + •••-[- {b--l) = B, 

(^ _-,/; + ... 4. (r-/)=: C, 



(>['- /) = A', 



(2) 



^ -!-(//— i)a = .1/% , 
B ■^{n--2)b = Nf%, 



(3) 



A + B+ C+ •" + 'K 



= Ave. 9 



(« — i)tf + (« — 2)^ + (/; — 3)^ + ... + /' 

The signification of such percentages is that they give us a true stand- 
ard for the comparative influence of practice on different individuals. 
Although all practiced the same amount each day under similar condi- 
tions, yet we shall now see how differently the percentage of gain in 
speed of voluntary movements differed with each subject from day to day 
and how similar were the final results after the completion of the entire 

series. 

Table III. 
Relative gain in speed from day to day. 



Subject. 


Hand 
used. 


I 


2 


3 


Serial number of day. 
4567 


8 


9 


10 


Ave. 


K. 


{I 


0.21 
.14 


16 
.12 


0.17 
.21 


0.18 
.12 


0.18 
•13 


O.I I 
.09 


0.13 
.04 


0.02 
.04 


0.03 
.03 


0.03 
.02 


0.12 
.09 


M. 


{1 


.12 
.16 


.19 
.18 


.17 
.14 


.16 

.12 


.12 

.05 


.18 
.12 


.06 
.12 


.07 
.16 


.07 
.14 


.10 
.25 


.12 
.14 


S. 


L 


.11 


.20 


.15 


.10 


.10 


.06 


.07 


.08 


.06 




.10 


J- 


R 


•09 


.08 


.05 


.04 


.17 


.08 


.07 


.10 






.08 


P. 


{i 


•32 

.17 


.20 

.10 - 


.14 
-.07 


.06 
.09 


.06 
.07 












.16 
.07 


I.. 


{1 


.26 
.20 


.17 
.18 


.13 
.14 


.07 
.05 


.07 
.03 












.14 
.12 


H. 


f* 
U 


.22 
.28 


.06 
.01 


















.13 
.14 



The values in columns I, 2, ..., 10 were calculated by formula (2), those m the 
column Ave. by (3). The figure for any particular day indicates the combined relative 
gMn for all succeeding days over the record for that day. 
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The relative average daily increase in speed is given in Table III. 
For the right hand of K. the average percentage of gain on the second 
day was 21% over the speed made at the first experiment. But, as is 
shown in the table, the percentages decreased perceptibly until the close 
of the series of experiments, ending on the eleventh day with a gain of 
only 3^ over the speed of the tenth day. The small percentage in the 
latter part of the series would seem to indicate that he had approximately 
reached his limit in rate of movement. So with all the other subjects, 
the percentage of gain in increase of speed constantly declined as the 
l)ractice was continued from day to day. The large percentages in the 
first part of the series show that the greatest gains are to be made in the 
early part of practice. 

The average percentage of gain given in the column of averages shows 
the comparative value of practice for each individual. Comparing K. and 
M., whose experiments extended over the same number of days, we see 
that practice had the same effect on the right hand of each Of them, 
namely, 12%; but for the left, K.*s average percentage of gain was less 
than for the right hand, while with M. it was even larger than for the right. 
So with S. and J., we see that practice was of more value for S. than J. 
by 2 % . Likewise P. gained 2 % more with his right hand than did L. ; 
but with the left hand L. gained 5 % more than did P. 

The average daily decrease of error was also derived according to the 
formula given on page 61 ; the results are given in Table IV. 

Takle IV. 









Relatrjc average daily decrease of error. 


•^ Hand 








Serial number of day. 




•^ used. 


I 


2 


3 


4567 


8 9 


K. H' 045-0" 
\ I. .64 .42 - 


0.28 
- .68 


0.27 0.23 0.51 0.55- 
.29 .11 .10 — .27- 


-0.16 — 0.23 
- .9 — .7 


M.)'- 


.13 
.25 


•33 
33- 


.05 
•37- 


•54 -30 52 .16 
- .33— .14 .11— .27- 


.21 .32 
— .11 — .9 


S. L 


.19- 


— .02 


•17- 


— .17 — .02 — .13 .16 


.31 


J. R 


.11 


.04 


•32- 


- .30 .04 .27— .09 


.09 


HI 


.43 
•32 


.07 
.26 


.09 
.23 


.27 .07 
.17 .CO 




'- 1 I 


.38 
•31 


.27 
.29 


•33 
•23 


.12— .18 
•30 .32 





10 Ave. 

— 0.18 0.1= 
•55 •»<= 

.07 .21 
— .59— I 

.0 



.1 - 
.1 

.2— ' 



,29 .0 

:b .1 



H J ^ -33 — •'^y 
\L — .09— .i( 

The explanation is the same as for Table III. 

Comparing the decreases of the probable error for K., 15%, and M.- 
26%, we see that practice was more beneficial for the right hand of M. thac^^ 
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for the right hand of K. But for the left hand the reverse was tnie. Even 
if we cast out the last practice of M., on account of its poor effect, the 
— 1 1 % changes to + 6%. It should be noted that the percentages for the 
left hand of K. and M. are the reverse of those given in Table III. Like- 
wise the same is true for S. and J., for while S. gained more in speed, J. 
gained more in regularity of movement. The small percentage of de- 
crease of the probable error would seem to indicate that S. and J. kept 
the order to tap as quickly as possible in the foreground of the attention, 
for the percentage of gain in rapidity was larger for the whole series with 
each of them than was the reduction of the probable error. On the con- 
trary with the subjects K. and M. who had approximately reached their 
utmost speed of voluntary movement, the percentage of the decrease 
of the probable error was larger than the percentage of gain in speed. 

We may summarize the results given in Tables III. and IV. in the fol- 
lowing way : P. made the greatest percentage of increase in speed with 
the right hand, and S. and L. the greatest with the left ; that of all the sub- 
jects J. possessed least ability for development of rapid movements with 
the right hand. When regularity, not rapidity is considered, the right 
hands of K. and M. and the left hands of K. and L. made the greatest 
gain in regularity of movement while S. made the least of all. 

Relatiz'e average daily gain in speed and decrease of error compared. 

The average percentage of increase in speed and of decrease in the 
probable error from day to day for all the subjects were compared ; the 
'csults are expressed in the A and B curves of Fig. 9. These curves 




Fig. 9. 

-Y, upper line, serial number of day. 

wV, lower line, days of previous practice. 

F, relative increase in speed (B) and decrease in probable error (A). 
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show very clearly that whereas the percentage of gain in rapidity ot 
movement is larger in the first part of the series of the experiments, in 
the latter part the greatest influence is directed toward the reduction of 
the irregularity of the movements. 

Considering the curves A and B as representatives of the influence 
of practice on seven subjects, indicating the gain made in six to eleven 
days, we are justified in making the following general statements con- 
cerning muscular action. 

First, the gain in rapidity and the gain in regularity of muscular action 
are greatest during the first periods of exercise ; one or both of these 
continues to diminish as practice continues at each experiment as wellas 
at successive experiments. 

Second, during the earlier periods of exercise practice has greater ef- 
fect upon the rapidity of muscular action, but later its greater effect is in 
the reduction of the irregularity of voluntary movement. 

Third, the relations of rapidity and irregularity are largely affected 
by the relative complexity of the muscular movements, the number of 
muscles undergoing training, and the subject's power of concentration of 
attention. 

II. Drawing circles. 

The object of this set of experiments in drawing circles was to sho>v " 
(i) the gain in the reduction of imperfections in the drawings duriti-l 
each experiment and from day to day; (2) the influence that a col> 
placed before the subject had upon the size of his drawings. 

A package of ten sheets of paper, 125""™ by 100""", was placed \>tio^ 
the subject, sitting at a table. A sheet of paper with a circle of 60"'^ 
diameter, described with a compass, was placed before him as a cox> '^ 
he was asked to look carefully at it each time before commencing to di'^ 
his circle. The copysheet was the same size as those used by the subj^^ 
The ten slips of paper lay one upon the other at the start ; the exp^ ^ 
menter stood by and removed them as the circles were drawn. Thus ^ 
visual comparison with previously drawn circles was prevented. It ^^""^ 
impressed upon the subject that he should keep the true circle constai"*^ 
in memory after he took his eyes off" the copy to direct his hand, 
circles were drawn with the free hand, no portion of the hand or ^ 
being allowed to rest on the table during the process. No restrict! 
were imposed on the time consumed in the drawing of the circles. -^ 
distracting influences were removed. Before beginning, the subject 
enjoined to do his best at each trial. 

The subjects were J. F. and S. F., teachers in the primar}' grades 
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the New Haven city schools, who had previously had considerable 
puractice in drawing circles in the school-room ; M. C, a girl of twelve ; 
B., C, H. and J., students in the university. 

A characteristic expression for the deviation of the drawn curve from 
the true circle may be found by comparing the longest diameter with the 
shortest one. The two diameters were measured in millimeters and theii 
difference was considered as the amount of error. 

It was deemed advisable to limit the number of circles drawn at one 
sitting to ten, so that the element of fatigue might be almost if not com- 
pletely eliminated. Preliminary experimentation showed that the influ- 
ence of fatigue was not perceptibly present with the right hand until the 
ninth or tenth repetition, and with the left hand until the fifth to seventh 
repetitions. However, those curves in the series which most nearly ap- 
proximated true circles resulted in attempts ranging from the fourth to 
the seventh. Consequently, under ordinary circumstances, the drawing 
of ^\^ circles would give sufficient practice for the subject to reach an 
approximate maximum of accuracy of adjustment. Hence it was deemed 
best to stop the experiment at a point where the subject was gaining in 
accuracy rather than to continue it until the errror began to increase. 

Gain on successive days. 

The average errors for each day are shown in TaW« V, 

Table V. 







Average 


error an succeish'^ 


d0)tf. 








Subject. 


Hand 
used. 


I 


Serial iminter of experiment. 
234 


5 


6 


B. 




12 
10 


9 
9 


12 

7 




II 

5 


8 

5 


t 


M.C. 


{ K 


10 
13 


9 

10 


7 
7 




7 
6 


6 
5 


4 


C. 




6 
10 


6 
9 


5 
'9 




4 
9 


\ 


1 

7 


J.F. 


{l 


6 
II 


6 
10 


5 
9 




8 


\ 


2 
4 


S.F. 


{R 


"6 

7 


6 
6 


6 

5 




5 
5 




4 
4 


H. 


{1 


9 
7 


9 

8 


8 
10 




7 
8 




^0 


J. 


{I 


ir 
9 


6 
13 


5 
8 




5 







The unit of measurement is i°"°. 

Number of experiments each day, 5 with either band. 

The probable error of a determination varies from :iz » 



ttlfc<5M«*. 



5 



66 W. Smythe Johnson^ 

As is shown in these figures, practice with the left hand gave more irreg- 
ular results than that with the right. However, B.*s record was an excep- 
tion in that the error was not so large as that for the right hand. More- 
over, the error decreased more rapidly in the practice with his left hand. 
The small and irregular gain with his right hand may have been due to 
a tendency to accomplish the task with great rapidity and to previous 
practice in writing, for his penmanship was sharp and pointed. Hence 
the left hand had the advantage over the right since the right hand not 
only had to form a habit for a certain movement but to reform one. 

With H. and J. the lack of improvement with the left hand was due to 
a decrease of effort. I observed that they made great effort on the first 
day ; but af^er that they declared it useless for them to practice with the 
left hand because improvement was hopeless. These two records plainly 
demonstrate the influence of confidence in one's ability upon one's de- 
velopment. Purposeful attention and persistent effort on the part of the 
subject are the two most essential elements in practice for the establish- 
ment of any definite mode of muscular action. 

Though the amount of gain with C. was the same for each hand, yet 
the magnitude of the error at the beginning of the series with the left 
hand gave more scope for improvement, and had the subject been equally 
skillful with his left hand the curve would have descended much more 
abruptly. On the contrary, M.C. gained more with the left hand 
than she did with the right. The very regular decrease of the error with 
this subject from day to day shows the influence of persistent effort ; I 
observed that she was very careful throughout the whole set of experi- 
ments. 

Though there was a gain of y"" for the left hand of J.F. as contrasted 
with a gain of 4°"" for the right, yet most of the decrease in the error 
for the left hand occurred at the last experiment, which was undoubtedly 
due to the extra effort put forth. Though the subject thought all along 
that she was doing her best while practicing with the left hand, yet after 
the close of the series she said that she was conscious of having made 
considerably greater effort at the last experiment. None of the subjects 
save J.F. knew that the sixth day's trial would close the set of experi- 
ments. 

Gain in successive circles. 

The average of the errors for all first circles, that for all second circles, 
etc., were taken. The results, Table VI., show that with the most of the 
subjects the error became less as the practice was continued. 
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Subject. 

B. 

M.C. 

C. 

J.F. 

S.F. 

H. 

J. 







Table VI. 










Average error for su'cessive 


circles. 






Hand 






Serial number of circle 


:. 




used. 


I 




2 


3 


4 


5 


{I 


II 
8 




10 

5 


9 
9 


9 

7 


10 
9 


{I 


10 
7 




9 
6 


8 
6 


7 
7 


7 
8 


{I 


6 
10 




5 
9 


5 
9 


5 
8 


4 
7 


{f 


6 
9 




5 
9 


5 
8 


4 
7 


3 
7 


{f 


6 

7 




6 
6 


5 
6 


5 
4 


3 
4 


{f 


8 




7 


7 


6 


6 


9 




8 


7 


9 


10 


if 


7 
6 




6 
9 


6 
10 


5 
8 


4 
10 


The unit of \ 


measurement 


is I"". 











Each figure is the average of 6 experiments. 

The probable error of a determination varies from db 0.9"° to ± o. I 



mm 



It has been proposed by Dr. Scripture to call the curve of change for 
a single continuous experimental session the * * curve of practice ' ' and 
the curve of change for successive sessions the "curve of habit." In 
the present case the gain on successive days would be represented by a 
curve of habit and the gain in successive circles by a curve of practice. 

In the case of M. C. the practice and habit curves are alike in that 
they each begin with an error of 10"" and end with 7"". The maximum 
tiecrease of error was not reached until the fourth circle was drawn with 
the right hand, while it was reached in the second with the left. The 
coatrol of the movements of the left arm was evidently not sufficiently 
developed to prevent fatigue during the time required to make five circles. 
I^he similarity between the practice and habit curves seems to indicate 
^t the development during each practice period follows closely the same 
^v as does the daily progress, for in both alike the gain is most rapid in 
the first part of the exercise. However, the amount of gain for the dif- 
ferent subjects varies considerably; this I attribute to the differences in 
^he muscular memories of different individuals. With some, the error of 
the first circle on successive days was only slightly larger than the aver- 
age for all the circles made on the preceding day, while with others it 
was in some instances equal to that at the beginning of the preceding ex- 
periment but rapidly decreased. The law of practice and the law of 
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habit are presumably of the same general form with different constants for 
different circumstances. 

Comparison of the drawn curiae with the original circle. 

In order to indicate the size of the curve drawn as a circle, four 
diameters were measured and their average taken. The diameters 
measured were the shortest, the longest and the two 45^ from these. 
These measurements furnished an approximate estimate for determin- 
ing how much change, if any, there had been in reproducing the copy 

circle of 60""* in diameter. 

Tabi.k VII. 

A. Size of successive circles. 





Hand 






Serial number of circle. 






Subject. 


used. 


I 




2 




3 




4 




5 


B. 


{I 


62 

59 




64 
62 




66 
60 




63 
62 




62 
60 


M. C. 


\i 


64 
61 




61 
58 




58 
59 




57 
59 




54 
62 


C. 


{f 


60 
58 




61 
62 




62 
61 




64 
65 




68 
69 


H. 


{I 


61 
62 




60 
63 




58 
64 




57 
63 




55 
62 


J. 




61 
58 




62 
59 




63 
61 




65 
60 




68 
60 


S. F. 


{I 


61 
61 




62 
62 




64 
62 




65 
63 




67 
64 


J. F. 


{I 


63 
63 




58 
63 




60 
65 




60 
60 




60 
63 






B. Daily 


avcra<^e si 


'ze of 


circle. 












Hand 




Serial number of e> 


iperiment. 






Subject. 


used. 


I 


2 




3 




4 




5 


6 


B. 


\ R 


65 

57 


59 
61 




62 
61 




63 
62 




67 
63 


65 
60 


M. C. 


\R 


66 
64 


62 
61 




57 
61 




55 
60 




55 
57 


54 
56 


C. 


{'.. 


61 
61 


62 
62 




63 
62 




63 
64 




65 
64 


65 
65 


H. 


^R 


60 
61 


58 
63 




58 
63 




57 
62 




57 
63 


56 
63 


J. 


^1 


68 
59 


65 
63 




64 
57 




63 
63 




63 
61 


62 
55 


S. F. 


{ R 


70 
70 


65 
64 




65 
61 




63 
59 




62 
59 


60 
58 


J. F. 


{1 


62 
66 


61 
64 




60 
63 




60 
62 




60 
60 


60 
62 



The unit of measurement is i™". 

In section A, each figure is the average of six experiments. 

In section B, each figure is the average of five circles. 

The probable error of a determination varies from ±2.1"™ to ±0.3 
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There were two points to which the subject was required to direct 
his attention in making each figure : the roundness of the figure and its 
correspondence in size to the copy. We shall now answer the question 
whether the subject directed his attention more especially to the former 
or the latter point. 

The results given in the above table show three types of practice : (i) 
that in which the subject decreased the size of the circle both during the 
progress of each experiment and from day to day, (2) that in which the 
size of the circle was increased during the experiment but decreased from 
day to day, (3) that in which there was but little variation either during 
the experiment or from day to day. The first two classes characterize 
those who regarded more carefully the smoothness of contour of their own 
drawn curves than they did the correspondence in size to that of the 
copy. The third class were those who directed their attention more es- 
pecially to the size of the cur\'e, and who obser\-ed the copy closely each 
time before beginning to draw their own curves. 

The measurements for B. showed that during the first three experi- 
ments he began by making the circle smaller than the copy, but in- 
creased its size during the experiment until it was larger than the copy, 
whether the right or the left hand was used. During this period he made 
the circles by moving each hand counter-clockwise. During the practice 
of the last three experiments, for some unknown reason, he reversed the 
direction of the movement for each hand and as a result the size of the suc- 
cessive circles was constantly decreased. The subject was not conscious 
of having made any change in the direction of the movement of either 
hand, and was unable to say which way he had moved his hand in the 
last experiment until he had made the motion as if making a circle, so 
unconsciously was the movement performed. Questio mng the subject at 
^he close of the series brought out the fact that this icfcnal may have 
^en due to practice on the inverted oval as seen m the capital \\\ Kx- 
cepting the change in the size of successive circka wiA the char.^-e ir^ 
^Redirection of the movement of the hand, aU Ibe dwigcs or,r,-ryin;^ 
^"nngany one practice may be easily accounted %M. M^ixx ir.srar.r.^ ^ 
^fter making the first circle, he judged that on ^ ^ ^^ , ^^rr.a/.er r,^ 

^a^ger than the copy, then in the following lie pMCMded to correr.t i* . 
. T^hc figures given in Table VII. show that He ma w^g~w. ctto- v. a.- , 

P^"oach the copy when practicing with the ^^^^f^^T^^ ^^'^ '^^'' ''''*' 
^g^t. Moreover, I observed that he regarded «*• «py more c^r^f , 
each time when practicing with the left hand.-^ ^^^'^^^^^ ^^ 

accuracy of contour and size of circles draWii " ^JZ^?^"'*' '^ - 

the time consumed in making the circles wi ■■ttd to \^_ 3^'^ 

one-fourth longer than with the right haod- 
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With M. C, the right hand was directed counter-clockwise, as was the 
case with all the other subjects save B. , already mentioned ; the left was 
moved in the opposite direction. Starting with a diameter of 7 1"*"* for the 
first circle with the right hand, she reduced the diameter to 61"" during the 
first experiment. Likewise the decrease in the size of successive circles 
continued throughout the series of experiments, becoming less, however, 
at each successive experiment. The average of all the experiments, 
Table VII., shows a decrease of 10"°* in the size of successive circles ; and 
in the daily averages there was a total decrease of 12"°*. These figures 
show that the subject decreased the size of the circle with the right hand 
both during the process of the experiment and from day to day. Likewise 
the average of successive circles for the left hand shows that the size of 
the circle was decreased in the second circle, but increased thereafter. 
The decrease of the size of successive circles for the left hand was not so 
large as for the right, which indicates that the subject directed her atten- 
tion more especially to the size of the circle when practicing with the left 
hand, and to the smoothness of contour of her own curves when practicing 
with the right. 

The subject C. seemed to give closer attention to the copy when practic- 
ing with the left hand but more especially at the beginning of eachexperi- 
ment. As was the case with most of the others, the principal consideration 
at the beginning of each experiment seemed to be to make the circle the 
same size as that of the copy ; but when the copy did not correspond to 
the natural adjustments of the muscles and when an attempt to follow the 
size of the copy caused an increase of the error, the subject's aesthetic 
feeling for smoothness of contour in his own curves soon gained control 
of the movements, and consequently the size of the copy was wholly 
disregarded. 

Since S. F. made such small gains in the decrease of the angularities of 
her curves, we are justified in concluding that she directed her attention 
more especially to making her curves the same in size as the copy. 
Though there was a constant tendency to increase the size of successive 
circles throughout the experiment, yet the table shows that she decreased 
the average size of the circles in six days* practice with the right hand 
from 70"" to 60"", and with the left from 70"" to 58"". I observed that 
during the first experiment she paid more attention to the smoothness of 
her curves than to their size, but with practice, however, she became 
more regardful of their size. In order to make a test on the point 
whether the size of the copy had any influence on the error in the draw- 
ings, I made a few experiments on this subject in which no copy was 
used. As a result the circles were somewhat larger than those made at 
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the first experiment and the error was less. These results for S. F. furnish 
an example of the development of the inhibitory powers in overcoming 
the muscular adjustments for larger movements of the arm. 

The most important feature of practice with J. F. was the approach in 

the size of the circles to that of the copy. Questioning the subject at the 

close of the series brought out the fact that she had fixed her attention 

more especially on the size of the circle. Her statement is confirmed by 

the large number of alternations in successive circles, so numerous in fact, 

that there were scarcely two successive circles of the same size. There 

was, moreover, no tendency to increase or decrease the size of successive 

circles as with the other subjects. The correcting process was continued 

throughout the series but the corrections decreased in amount as practice 

continued day by day. For instance, there was a variation of 8 "in the 

size of the circles drawn with the right hand on the first day while there 

was only 3"° variation on the last day. Such a gradual reduction of the 

variations in the size of successive circles from day to day demonstrates 

the influence of practice in giving control over muscular adjustments. 

The exaggerated adjustments are not in my opinion so much due to the 

lack of judgment as to the inertia of the muscles ; when they do yield to 

the will, such momentum is acquired that the movement is as likely as not 

tabe exaggerated. The great difference in the development of control 

over muscular adjustments between J. F. and the other subjects was due to 

the close attention that she gave to the copy before attempting her circle. 

She not only observed the copy carefully at the beginning of the exercise 

but also before attempting each circle. 

Daily decrease of error expressed in percentages. 

The percentages given in Table VIII. were computed according to the 

Method given on page 61 ; they show the comparative effects of practice 

00 ♦he different subjects. We notice that equal amounts of practice had 

'oliuences on the different subjects ranging in value from — 12 % to 

"^ 37 %• Ij^ the case of B. the average gain was 8 % for the right 

'^^^Jid and 13 % for the left. This signifies that although losses occurred 

^^ ^^me days yet upon the whole, the good effects of practice ©verbal- 

^^^^sd the evil effects of practice. 

"'I^he percentages for M.C. show a decrease from day to day with ear:h 

^^^d. It is particularly noticeable in the case of the left hand where the 

8**xi of the last over the first day amounted to 50 %, which, hf/wevcr, 

de^^reased very rapidly until the sixth day when there was no gain over 

^^ preceding day. These percentages show that practice had 3 % 

greater effect in the development of control over the movements of the 
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left hand than for the right. * On the contrary, with C. the gain was 12 % 
larger for the right hand than for the left. Moreover, the percentages 
from day to day showed no diminution in the influence of practice. 

Table VIII. 
Relative cn'erage daily decrease of error due to practice. 





Hand 




Seri 


ol number 


of day. 






mbject. 


used. 


I 


2 


3 


4 


5 


Ave. 


B. 


{i 


o.t8 
.60 


—0.1 1 
.31 


0.22 
.14 


0.23 
— 30 


— 0.12 
— .32 


0.0S 
.13 


M. C. 


{i 


•32 
.50 


•31 

•42 


.14 
.24 


.21 
•17 


.17 
.00 


•23 
.27 


C. 


{I 


•27 
.16 


•33 
.08 


•27 
.11 


.12 
.17 


.25 
.12 


•25 

.13 


J. F. . 


{I 


•30 
.29 


•37 
.27 


•33 
.26 


•50 
•25 


.33 
..SO 


•37 
.32 


S F. 


{I 


.17 
•31 


.21 
•25 


.28 
•13 


.20 
.20 


.00 
.00 


.17 
.18 


H. 


{f 


.18 
•23 


.22 
— •IS 


.17 
.10 


.07 
— .19 


.14 
— .11 


.15 
— .12 


J. 


{"l 


.58 
— .02 


.29 
•36 


.20 
— .04 


•30 
.46 


.25 

.14 


.32 
.18 



The percentages given in this table were computed from the results given in Table V 
according to the formulas explained on page 61. The values in columns i, 2, ..., 5» 
calculated by formula (2), those in the last column by (3). 



The very considerable effect of practice on J. F. showed itself both i 
the increase of the percentage from day to day and in her making a large 
average percentage of gain with each hand than any of the other sub — 
jects. As already observed, S. F. varied from the copy more with th 
left hand than with the right, the reduction of the error being i % 
greater for the left hand than for the right. Considering the fact that 
she was decidedly right-handed, this is important as it shows how a change 
in the fixation of attention alters the influence of practice. On the 
other hand, with H. we find that practice had an opposite effect, for with 
the right hand there was a gain of 15 %, while with the left there 
was a loss of 1 2 % . 

Error for successive circles expressed in percentages. 

In the same manner as in the preceding section, the percentage of de- 
crease in the error for successive circles was determined, which showed 
in every case a gain with the right hand during each practice period, 
ranging in values from i % to 27 %. With the left hand, the* per- 
centages varied from — 20 % to 21 %, though in four out of seven cases, 
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the percentages showed a loss for the left hand. This demonstrates very 
clearly that with untrained muscles a constant standard can usually be sus- 
tained only for a very short interval of time. However, the ability for 
continuing the exercise with increased regularity for a longer time in- 
creases with practice. 

Table IX. 

Relative mferage decrease of error for successive circles. 



Subject. 
B. 


Hand 
ased. 


I 

14 

6 


Serial number of circle. 

7 — 6 
—17 II 


4 
-II 

-29 


Ave. 

I 

—20 


M. C. 


{i 


22 

4 


17 
—17 


6 
—15 



-14 


II 
— 10 


C. 


{I 


21 
17 


7 
II 


10 
17 


20 
12 


19 
14 


'J. y- 


if 


29 
14 


20 

18 


30 
12 


25 



26 
II 


S. F. 


{1 


21 

28 


27 
22 


20 
33 


40 



27 
21 


H. 


{1 


19 
6 


9 
— 8 


14 

—30 



-II 


10 
— 12 


J. 


{I 


25 

—54 


17 

— 4 


25 
10 


20 

-25 


22 

18 



The percentages given in this table were computed from the results given in Table VI. 
according to the formulas on page 61. 

Obsenmtions and deductions. 

I observed that when a special effort was made it was usually ac- 

<^o»^ipanied by unnecessary movements of the body. For instance, C. 

iri the first part of the series of experiments would contract the jaw 

nna.scles; J. would bite his lips; some would twist the mouth ; others 

^'^^uld knit the eyebrows. As practice continued, however, and the 

^ci^'^ion became more habitual, these distortions for the most. part disap- 

P^-^red. Undoubtedly whenever there is a tension of some muscles while 

^^*>^€rs are being vigorously exercised, they become influenced in pro- 

I^*^^ ^"tion to this tension. 

X!n some instances I have observed that when the subject noticed an 

^'^^"^gularity in his figure, a desire to improve upon this seemed to excite 

*^^ ner\-ous centers so much that the following effort would not be so 

g^^c:^ as the preceding. Although the gain in proficiency is not entirely 

^ T^hysiological process, yet any chain of actions must be repeated a 

^^^^Tiber of times before it becomes established in the automatic centers. 

"^^iwever, the amount of practice required for any chain of actions to be 
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carried on with the minimum amount of attention and effort is a psycho- 
logical factor, depending upon the intellectual vigor of the individual. 

These experiments bring out some striking differences in the develop- 
ment of the movements of the right and left hands. For instance, the 
practice curve for the right hand followed closely the direction of the 
habit curve ; while with the left, instead of there being a gain during each 
practice, there was, in some instances, a decrease in accuracy of the 
drawings as the practice continued. This difference in the practice 
curves for each hand, I attribute to the special effort of attention called 
forth at the beginning of the experiment with practice of the left hand. 
When practice is carried on until the movements become irregular, the 
practice becomes injurious, for the irregular movements become incor- 
porated into the chain of reactions as certainly as do those which are 
purposefully directed. Therefore, practice may tend to establish irregu- 
lar adjustments as well as regular ones. Speaking figuratively, the cap- 
ital on hand at the beginning of each succeeding practice period is the 
sum of the preceding practices. Consequently, the larger the probable 
error of the average of all the preceding practices, the more irregular 
will be the movements of the muscles at the succeeding practice. Hence 
better results might have been obtained in those cases where the error 
increased after the third circle if the practice periods had been shorter in 
the first part of the series and more prolonged in the latter part. 

Owing to the fact that some of the subjects increased the size of suc- 
cessive circles and others decreased them, we are justified in concluding 
that there is a certain adjustment of the muscles in writing and drawing 
most suitable for each individual which should be taken into consider- 
ation when training the muscles for accurate adjustment. If the size of 
the copy corresponds to the natural adjustment, the subject needs only to 
direct his attention to the smoothness of his figures, otherwise, he has to 
contend with the distracting element of the size. Therefore the amount 
of gain in accuracy of adjustment will be . influenced thereby. The 
general conclusion is that, in the earlier stages of muscular development, 
the size of the copy should be adjusted to the natural movements of 
the muscles. If this is not done it may prove such a distracting element 
that the subject will discard it altogether, for, as we have seen, the at- 
tention is always directed first toward smoothness of contour, or freedom 
from angularities. Psychologically the order of development is in such 
movements as writing and drawing, (i) reduction of irregularities, (2) 
correctness in size ; and in movements where agility is involved, ( i ) 
rapidity, (2) regularity. 

The correspondence in the decrease or increase of the size of the 
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circle and the average daily error, as shown in these experiments, in- 
dicates ( I ) that some distinct relation exists between the error and the 
size of the circle ; (2) that the subject's attention, especially in the case 
of the right hand, was usually directed to the decrease of the error rather 
than to making the circles of a size corresponding to that of the copy ; 
(3) that the muscles of the right hand, trained to make certain move- 
ments, found it difficult in some instances to establish an entirely new 
set of reflexes. 

Finally, these results support the principle that a short exercise often 
repeated is the best method of practice for rapid development of accurate 
adjustments of the muscles. There is no doubt that many of the long 
exercises in writing and drawing and other subjects in the school-room 
often engender habitual inattention in the pupils. They are often com- 
pelled to write continuously for several minutes ; the wisdom of this is 
doubtful when we consider that in the case of well-developed persons five 
trials at one time in the experiments with circles gave the best general 
results attainable at one sitting. Hence long practice at writing, draw- 
ing, piano-playing, etc., seems to be time and energy wasted, for not 
only are inattentive habits cultivated, but every wrong adjustment of the 
muscles gains a place in the chain of subconscious memories and there- 
rore delays the development of the control over the muscles for accu- 
te adjustments. The practice at each sitting should last only so long 
the movements are purposefully directed. 



III. Development of control over untrained muscles. 

The object of this set of experiments was to ascertain the influence of 

practice on entirely untrained muscles and less adaptable joints. The 

experiments, made on the left large toe of Mr. Davis, covered a period 

of ten days. Four phases of the toe's movement were recorded, the 

tinje of the downward motion, the downward rest, the upward motion, 

*nd finally the upward rest. As each movement of the digit required 

^^^ exercise of several muscles, the object of measuring each of these four 

P^Jases of the toe's movement was to show : (i) the differences in time 

'Or the phases of the movement ; (2) the influence of practice on the 

phases; (3) the influence of practice on the shortening of the time of 

^"C entire movement of the toe. 

Apparatus. 

Tlic apparatus was virtually the same as that previously described in 
*ese Studies.^ The single 100 v. d. fork was, however, replaced by the 

* Scripture, Elementary cou*5e in psychoiogicai measurements ^ Stud. Vale Psych. 
^^.* 1896 IV 113. 
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Pfeil and Deprez markers from which wires led into the quiet room * 
and were there connected with a double-contact key. The markers wrote 
directly on the smoked surface of the drum ; the points were placed par- 
allel to each other and in a line tangent to the surface of the drum. 
When the drum was revolved, the distance between the marks caused by 
movements of the armatures could be measured with great accuracy. 

The key knob moved through a distance of 5"". At the beginning of the 
downward movement of the toe the back contact was broken ; at the end 
of the downward movement the front contact was made ; at the begin- 
ning of the upward movement, the front contact was broken ; at the end 
of the upward movement the back contact was made. Thus the limits 
were marked for the four phases, downward movement, lower rest, up- 
ward movement, upward rest. The latent times were compensated. 

Daily averages of the tapping time. 

The average tapping times for successive days are given in Table X- 
The series of taps during each experiment was divided up into thre< 
parts. The first section in Table X. includes the averages of the fii 
30 taps ; the second, the 31st to the 50th tap ; and the third, the 51st t 
the close of the experiment. 

The results show an almost constant increase in speed from day to daji 
Beginning with an average of 436*^ pn the first day, the average tappii 
time became 212*^ after ten days' practice. Only on one day was there 
loss and then the subject was indisposed. 

Fatigue was always present after about the 50th tap,* appearing soon^^ 
on some days than on others, as indicated by the probable errors in sec::^ 
tion C. of Table X. 

Practice generally has its greatest effect between the 30th and 51st taj)^^ 
The first 30 taps formed the training period of the muscles in which iSr:^ 
tapping was constantly accelerated. When the exercise was continue^=" 
until the muscles were partially overcome by fatigue, the tapping becan^ — - 
slower and much more irregular. The portion of the experiment lyii^^ 
between the 30th and 51st taps was chosen arbitrarily as a unifor^^ 
measure for comparison. The most regular part of the day's practicrr:^ 
corresponded closely to that marked off in these boundaries. The te^^ 
dency was, however, for this zone of regularity to move each day slightl-^ 
farther away from the beginning. 

Of the different phases of the toe's movement, we notice that tfcr:^ 
movement upward was longer than the downward one ; likewise the u] 
ward rest was longer than the downward rest. The tension of the sprii 

• See a>x)ve, p. 52. 
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of the key, although made too slight to be considered, may have also 
contributed to make the downward rest shorter. That the touch stimulus 
was the main factor appears likely because by practice the upward rest 
tended to decrease more rapidly than the downward rest. 
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Date, 


Movement downward. 




Downward 1 


rest. 


Movement upward. 


1898. 


A p 


.e. 


B 


p.e. C ] 


p.e. 


A 


p.e. 


B p.e. 


C 


p.e. A 


p.e. B 


p.e. 


C] 


p.e. 


Xll-14 


45 J 


f4 


39 


6 47 


12 


56 


13 


97 40 


62 


20 88 


38 84 


40 


59 


18 


" 15 


31 


3 


23 


7 45 


14 


63 


16 


57 14 


116 


41 40 


12 27 


9 


61 


18 


" 16 


31 
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41 


II 42 


12 


87 


41 


69 28 


77 


33 40 


9 38 


9 


41 
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*• 17 


30 
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32 


5 41 


12 


56 


10 


56 15 
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17 31 


9 31 


5 


44 


12 


" 18 


29 


6 


35 


10 32 


7 


86 


33 
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6 33 
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43 


19 
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34 
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32 


5 34 
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57 


13 
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63 


19 37 


10 36 
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46 


14 
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48 
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73 
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69 9 
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17 36 
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30 
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31 


6 26 
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74 18 
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3 25 


4 
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A 




p.e. 


Upward rest 
B p.e. 


t 


C 


p.e. 




Entire movement. 

Tap- p.e. p.e. 
time in<r as % 








267 




94 


272 


98 




231 


70 




436 


103 


24 








153 




56 


169 


64 




175 


67 




322 


73 


23 








138 




60 


98 


40 




147 


69 




296 


74 


25 








171 




99 


150 


62 




135 


52 




284 


68 


24 








112 




44 


102 


45 




134 


54 




281 


61 


22 








109 




49 


138 


58 




153 


65 




273 


62 


23 








157 




62 


97 


31 




IC9 


45 




275 


68 


25 








105 




43 


93 


37 




120 


53 




241 


54 


22 








81 




22 


76 


25 




83 


21 




221 


36 


16 








99 




29 


73 


22 




71 


18 




212 


35 


17 







Unit of measurement, i«'=o.ooi*. 

The probable error of a determination varies from dr 23*'^ to ih 0.5'. 

A, the daily average of the first 30 taps. 

B, ♦* " «* ** ** following 20 tops. 

C, «* *« ** ** «* remainder, 
p.e.y probable error. 

The most noticeable effect of practice consisted in the change of the 
Probable error of the upward rest, which decreased after ten days* practice 
^^oin 94*' to 29*^ for the first 30 taps; for next 20 taps from 98*^ to 
^^^; and after first 50 taps, from 70*^ to 18'. Likewise, the movement 
^F^'Urard shows a greater gain in regularity than the movement downward ; 
^^ <lecreased in section A., from 38' to 3*^ ; in section B., from 40*^ 
^^ 4*^; and in section C, from iS*' to 4'. The conclusion to be drawn 
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from the disparity in the amount of decrease of the probable error for the 
different phases of the toe's movement is that, since in the movement 
upward and in the upward rest there was a greater amount of voluntary 
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A", serial number of tap. 

}', tap time in thousandths of a second. 
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effort, they were more irregular in the beginning ; and as the movement 
came to be controlled by the automatic centers, the influence of practice 
was more manifest in these two phases of the toe's movement. Conse- 
quently we conclude that in beating time that phase of the movement 
which causes the greatest irregularity consists in the change of the motion 
upward to the motion downward. 

The daily average tapping time, Table X., shows a decrease of the 
probable error from 103*^ to 35*^. Moreover, when the error is expressed 
as a percentage of the tapping time, it shows that the increase in regu- 
larity was larger than the gain in speed, for the relative gain decreased 
from 24% to 17%. 

The average daily increase in speed, according to the formula given on 

page 61, was determined, with the following results: 169, 62, 40, 33, 

37» 39f 50* 25, 9<^. This expressed as percentages gives: 39, 19, 14, 

1 2, 13, 14, 18, 10, 5%. These figures show that the first day's practice 

r-csulted in the largest gain, which, however, rapidly decreased as the 

practice was continued from day to day. They moreover show that in 

simple movements, as in tapping, the effect of practice is greater in pro- 

l>ortion to the undeveloped state of the muscles. 

Physiological effects of practice. 

The differences in the fluctuations in the curves of Fig. 10 show the in- 
fluence of practice. The A curve is the practice curve of the last experi- 
'^ent ; B, that of the second experiment. 

These curves show how the periods of slight paralysis varied during the 
two experiments. In curve B the variations follow each other in rapid 
succession. In curve A they are not so frequent and the recovery is 
'^uch more rapid. The fluctuations, though larger throughout the series 
^f curve B, increase in amplitude and frequency toward the close of the 
experiment. In curve A the fluctuations are not so pronounced in the 
second half even as in the first half. Hence the most prominent physi- 
^^^gical effect of practice is to delay the arrival of entire paralysis of the 
"Muscles and the reduction of fluctuations in the practice curve. This de- 
pends, however, to a large extent on the nervous condition of the subject, 
^^^ on some of the intervening days absolute paralysis of the muscles oc- 
^^Ted before the 125th tap. 

A.t the beginning of the series of experiments intense pain was felt in 
^'^^ calf of the leg after a short period of practice. As exercise continued, 
^^ pain became s)rmpathetically induced also in the calf of the other leg. 

T^Fie coming on of fatigue was characterized by the following stages : 
^ ^ ) a feeling of strain throughout the tendon above the heel ; (2) slight 
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pain in the calf of the left, or exercised, leg ; (3) pain was felt in the 
muscles controlling the upward flexion of the toe ; (4) paralysis grad- 
ually spread over the whole of that leg while the pain continued to in- 
crease in the above mentioned muscles 5(5) the pain was finally felt in the 
calf of the right leg. On the fourth day the pain did not recur in the calf 
of the leg but was felt in the tendon immediately over the second joint of 
the toe ; but before the close of the experiments it had ceased altogether. 

Likewise, in a series of dumbbell exercises wherein I acted as subject, 
on first to fourth days inclusive the pain was so intense that I was able to 
exercise only a short time, but after the fourth day I was able to raise 
one dumbbell over 1000 times without experiencing any actual pain, the 
only noticeable effect being considerable fatigue. 

Throughout all the experiments, I noticed that on some days there was 
a tendency to decrease the speed from the very start, while on othe^ 
there was at first a period of acceleration for a limited time before tl^' 
decrease began. I consequently performed some experiments upon m; 
self in order to determine whether this was connected with the rate ^^d^ 
the heart-beat. The experiments were made in tapping with the tc^DC 
and in the exercises with the dumbbells. Although the tests were n^"*)t 
entirely conclusive yet in a general way I found that there was at le^^t^t 
some relation between them. When the movements were as rapid as 
possible there was a decrease in the hearths action. I also observed i\^^ at 
when the nervous system was in a relaxed state there was a rapid increat — =se 
in the pulse beat in the early part of the exercise, the pulse becomi^rng 
full and firm. Accompanying this there was an increase in the rate ^>f 
voluntary activity. 

The fluctuations in the practice curves may be due to the followi:«r3g 
causes : ( i ) fluctuations of the attention caused simply by the lack of ^^f- 
fort on the part of the subject ; ( 2 ) local paralysis of the centers gover""^* 
ing the muscles brought on by exercise ; (3) mental paralytic strofe^^ 
causing fluctuations which are generally ascribed to mere fluctuations o^ 
attention ; (4) general physiological fatigue of the whole body ; ( S) 
general mental fatigue. 

The above conditions are ever changing, for the physiological effects ^^^ 




practice and exercise depend upon the supply of energizing mater:^ ^* 
stored up in the muscular tissue, the supply of oxygen to the blood, te 
perature, etc. The mental condition is, moreover, more or less dcp^^' 
dent on the physiological condition. 

General mental fatigue was distinguished from general muscular 
tigue by the feeling that resulted after a period of violent exercise. 
muscles of the subject sometimes became fatigued almost to the 
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gree of paralysis, but no special mental effects were felt. On one day 
after the subject had been engaged with some difficult computations, the 
change of exercise seemed at first to be a relief, but in a few seconds it 
became quite difficult for him to control his attention. Though the rate 
of tapping on that day was as rapid as on any preceding day, yet the 
mental fatigue was much greater. 

A distinction can be made between mental and muscular fatigue by the 
fact that the coming on of mental fatigue is spasmodic and irregular. An 
aberration of the attention marks the initial stage of mental fatigue. This 
soon passes over into a stage which materially effects the regularity of the 
muscular action. * No such irregularities characterize muscular fatigue which 
is governed by physical laws controlling the breaking down of muscular 
tissue and the dissemination of waste products.'^ Mental fatigue, how- 
ever, is subject to the effects resulting from fixation of the attention and 
thus partakes of all its fluctuations and irregularities. 

Effects of practice on muscular action, 

I . Practice causes increased circulation, furnishing thereby a large supply 
of food materials to the muscles, and more rapid dissemination of waste 
products. Thus the muscles are able to store up energy and give it out 
more readily on demand*. But the storing of energy is not all. For ex- 
ample, gymnastic exercise has a higher purpose in view than to bring the 
body merely to that state of perfection found in the case of the common 
laborer. The development of muscular tissue must be supplemented by 
an education of the nervous centers in order that they may respond pre- 
cisely to acts of will. Indeed, the increase of muscular tissue may be 
looked upon as merely an accidental accompaniment to that mental process 
'Which begins by constant fixation of the attention and ends, even where 
the achievement is most complicated, in automatic and subconscious con- 
trol of the muscular movements. 

2. The time before the coming on of mental and muscular fatigue de- 
pends upon the amount of muscular energy and upon the concentration 
of the attention, both of which are greatly influenced by practice. 

3. When for any set of actions the development of the centers has 
'bached an automatic condition, the maximum rate of either mental or mus- 
cular rapidity is not reached in the first few seconds of the exercise be- 
cause a chain of actions cannot be remembered by any act of will but 
"^quires the exercise of the muscles themselves to reestablish the chain of 
'"tKionscious reflexes. 



* M<^)RE, Stuiiei of fatigue. Stud. Yale Psych. Lab., 1895 III 89. 

* X.OMBARD, in the American Text-book of Physiology, ill, Philadelphia 1897. 
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4. The duration of maximum rapidity is dependent upon the power 
of the mind for sustained attention. As soon as the attention is diverted 
the movement comes into the control of the automatic centers. The 
speed is consequently decreased; for only by a special effort is speed, either 
muscular or mental, increased above the limit acquired by habit. The 
utmost speed can be maintained only for a few seconds at a time at first, 
but the period may be lengthened by practice. Hence the fluctuations 
in the practice curve are generally due to slight mental fatigue. Al- 
though the subject recovers very rapidly at first, yet as the exercise con- 
tinues the fluctuations recur more frequently and the periods of recovery 
are lengthened. 

5. Another very important element connected with the duration of one "^ 
ability for continuing the exercise, is his knowledge of the time that tl 
exercise is to last. If the exercise is to last only a short time, greati 
effort will be put forth in that period than when the exercise is to coi 
tinue an hour or more. In long periods of exercise the subject will ui 
consciously measure out the energy in proportion to the duration of tl 
practice period. For instance, in the experiments made by Oehrn* =■ 
memorizing syllables, in making successive additions, and in countinrrisg 
letters in groups of threes wherein the exercise was continued from one to 
two hours, the maximum was reached only in the first instance after ^^^4 
minutes, in the second after 28, and in the third after 59. Contrasted wi^^^h 
our experiments, his results show that the maximum point depends upo^^^ 
the effort put forth in the beginning of the experiment. The results th^^^ 
I obtained point to the fact that if Oehrn had shortened the practic::^^^ 
period, the maximum point would not only have been reached in aboi — ^^ 
one tenth of the time, but the progress no doubt would have been greatei 

Nor does the maximum rate of voluntary movement depend upon a- 
innate sense of rhythm as Schaefer* implies but is, as Camerer' stat( 
one of constant acceleration until the setting in of mental fatigue. Ii 
stead of a rhythmical fluctuation in the voluntary effort, maintained b— 
some investigators, I found no remarkable regularity and am led to coi 
sider it as dependent upon several psycho-physiological processes to 
complicated to have a regular period of oscillation. 

6. Practice does not always mean an absolute gain in efficiency ; it ma 






^0^\\\/i"Sy ExperimentdU Siudiin zur Individualpsychologie^ Psychologische ArbeiU 
(Kraepelin), 1 896 I 92. 

* ScHAEFER, Cannev AND Tb'NSTALL, On the rhythm of muscular response to vof^ 
tionalitnpuhes in man^ Jour. Physiol., 1886 VII 96. 

^Camerer, Versuche aber den zeitlichen Vcrlauf d. Willensbewegung^ 4I-45, TQbir 
gen 1866. 
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even produce negative results. It is generally taken to signify improve- 
ment ; but observation and the results of experiments discussed in pre- 
ceding pages, show that, when either muscular rapidity or regulated 
movement is required, practice may be even detrimental to development. 
Every action leaves its trace on the nervous matter ; every effort put 
forth tends to establish itself so that acts immediately succeeding it follow 
as a matter of inertia. If the effort put forth is small and the action slow, 
habit then establishes itself for that mode of action. The law of the growth 
into habitual automatic control takes into account every activity. If a 
higher speed of activity or a regulated movement or a certain readiness in 
mental grasp is desired, then every thoughtless action tends to establish 
itself and delays attainment to the desired standard of efficiency. 

It requires the same effort to overcome the condition occasioned by 
bad effects of practice as it does to establish a new mode of functioning. 
Hence energy is wasted when the practice is not thoughtfully di- 
rected. Therefore, we conclude that not only is that part of practice 
efficient for growth in regulated movement, in speed of muscular adjust- 
ment, or in quickness of mental grasp, which is accompanied by con- 
scious effort, but the unconscious adjustments also have their effects and 
should be directed properly. 

7. The feeling of satisfaction or of having attained one's limit is an- 
other not less important element in the development of rapidity in either 
mental or muscular activity. Every advancement either in mental quick- 
ness* or muscular activity requires a certain effort, depending on the 
stage of development already attained. The greater the speed and the 
smaller the probable error, the less the gain becomes for the same ex- 
penditure of energy. As this developed state is approached, a person 
feels that his efforts are not sufficiently rewarded, and finally there comes 
^ period when he feels that he has reached the limit of his development. 
Itk fact, this constitutes the difference between the novice and the expert. 
The "plateaus" mentioned by Bryan* in the habit curve would seem 
ratliet to indicate resting periods in the effort. If the subject can be in- 
duced to sustain the same effort' day by day, there would not be any 
" plateaus '* in the habit curve. 

If this law be expressed by the general equation ^=/(^), where 
y indicates the amount of gain by practice, we must regard x 
containing constant elements of (i) time, (2) complexity of 



^ Ambekg, Ueber den Einflms von Arbeit spausen auf die geistige Leiittingsfdhigkeit, 
•^chologische Arbciten (Kraepelin), 1896 I 30. 

^ Bryan, Studies in the physiology and psychology of telegraphic lan^ uage. Psych, 
''iew, 1897 IV 27. 
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the raoveniencs, (3) the number or mitscles undergoing training, and (4) 
the growth of aulomatic control. The last may be resolved into various, 
personal factors such as mental grasp, endurance Tor sustain^ elTort, and 
the vividness of the impression. According to this principle, then, iherr 
growth of intcllecttial habits should be more rapid with those who possess^ 
the strongest intellectual powers, since, by their power of holding the 
attention, they succeed in getting the same impression repeated oflenei^ 
in the chain of reactions. If with intellectual power there is conibineJ 
strong individuality, or perhaps more properly speaking a strong » 
such persons possess superior ability after breaking down one habit 
reforming another. 

IV, Estimation of time. 
The apparatus consisted of a kymograph, to which was attached th* 
WtJSHT time-sense apparatus with the Meumann star-coniacts by mean m 
of which adjustments could be made so as to give any interval of lim» 
desired. The arrangement of the apparatus was the same as that de=s 
scribed in these Studies.' The sound of the 100 v. d. fork was con* 
veyed to the subject in the tjuiet room by means of a telephone receivers 
The sound to be estimated came firet. .After an instantaneous interniji*: 
lion the sound began again. When the subject thought that it ha-j 
lasted as long after the interruption as before it, he pressed a key whic — 
recorded 3 spark on the drum of the kymograph. The c 




arranged thai an ex|>eriraent occupied the first part of every period of 18" ^ 
the remainder of the period serving for rest. This was intended to avoi» > 
as far as possible any influence of fatigue. A seriesof such records is giveiv- 



Ub.. 1896 IV 127. 
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n Fig. II. A represents the beginning of the tone ; By the point where 
t was interrupted ; and C, the point where the interval of time from B 
D C was equal to that from A to B, Th^ dots represent the first ten 
stimates of 100* by the subjects A.F., R.E. and H.J. on the first day ; 
he group at the top of the figure being the estimates for A.F., the sec- 
»nd those for R.E. and that at the bottom those for H.J. This may be 
aid to represent in a general way the ability of different individuals to 
jdge inter\'als of time without practice. 

A number of preliminary experiments demonstrated the fact already 
stablished by a number of investigators that the time-judgment varied 
onsiderably for the same interval with different individuals and with the 
ame individual for different intervals. Attempts have been made to es- 
ablish a definite interval as that which can be estimated with the smallest 
mount of error, but the point has varied with each investigator. 

The three intervals, 82^, 100^ and 164^, were selected because they 
overed the field of most accurate estimates according to the results ob- 
ained by previous investigators. 

Those who served as subjects for the experiments were W.J. (Jump), 
I.E. (Evans), E.F. (Furguson) and B.B. (Brown), students in the 
Theological Seminary ; A.F. (Fisher) and C.S. (Smith), steward and 
nechanic of the Psychological Laboratory. 

Daily average estimates. 

The average estimates for successive days are given in Table XL, and 
Te graphically represented in Figs. 12, 13 and 14. 

Every precaution was taken to prevent the subjects from counting or 
noving any part of the body by which they might measure oflf the time 
IV'ough muscular energy, the object being to ascertain whether a person 
las an actual time-sense regardless of any fonn of muscular activity or 
aental calculation. 

An inspection of the results for A. F. shows that there was a constant 
lecrease in the time estimate from day to day. Beginning with %%^ on 
he first day, he gradually reduced the estimate during 16 days* pra/.tice 
o 55^, which is but little more than one-half of the time to be estimated. 
The same facts were brought out in the case of R. K., whose avenge tsx\- 
nate of 100* was on the first day 159^, and 1 02^ on the eighth day, 'ITiis 
ihows a decrease of about one-half in the average estimate. H, J. in- 
creased his average for the first day, 99^, until the third dtf nheri htr 
reached his maximum point, 116^, after which the estimate dccwaied ";:.::: 
next to the last day. The very large estimate, 137^, on the faHt day. tj» 
doubt, was due to nervousness. The record for this day dioald no*. i« 
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Table XI. 



Average estimates on successive days. 



A. F. 



R. E. 



H.J. 



Date 


Esti- 






Date Esti- 






Esti- 










1898. 


mate 

on 

ioo2 


p. e. 


p. e. 
as 


1898 


1. mate 
on 
loo2 


p. e. 


p. e. 
as 


mate 

on 

loo2 


p. c. 


p. e, 
as 






XI-26 


88 


1.4 


1.7 


XII- 


15 159 


1.5 


0.9 


99 


1.4 


1.4 






27 


91 


1.7 


1.9 




16 130 


1.6 


1.2 


103 


1.6 


1.5 






28 


73 


I.I 


1.5 




17 138 


1.8 


1.3 


116 


I.I 


1.0 






30 


88 


1.4 


1.7 




18 118 


1-3 


I.I 


114 


I.I 


1.0 






XII-i 


74 


1.6 


2.2 




19 114 


I.I 


r.o 


114 


1.5 


1.3 






2 


73 


1.5 


2.0 




20 117 


I.I 


1.0 


109 


1.2 


I.I 






3 


58 


1.3 


2.2 




21 107 


0.9 


0.8 


103 


1.0 


1.0 






4 


54 


1.7 


31 




22 102 


0.8 


08 


137 


2.3 


1.7 






5 


53 


1.2 


2.3 




















6 


58 


0.8 


1.4 




















7 


61 


I.O 


1.6 




















8 


53 


1.3 


2.5 




















9 


55 


0.8 


1.5 




















10 


58 


I.I 


1.9 




















II 


55 


1.0 


1.8 




















12 


55 


1.2 


2.2 
























B. B. 






E. F. 




A. F. 




( 


^* ^. 




Date 


Esti- 


' ^ 


'^ ^ 


Esti- 


!^"^ 


^^^^^^H ^ 


Esti- 




^^^^^^^ 


Esti- 


""^ 


' " 


1898. 


mate 




p. e. 


mate 


k 


p. e. 


mate 




p. e. 


mate 




p. e. 


If 


on 


p. e. 


as 


on 


p. e. 


as 


on 


p. e. 


as 


on 


p. e. 


as 




822 




7o 


825 




% 


1642 




% 


1642 




% 


1-26 


97 


I.I 


I.I 


73 


1-5 


2.0 


91 


6.5 


7.1 


147 


3.3 


2.2 


27 


99 


I.I 


I.I 


70 


1.0 


1.4 


99 


2.3 


2.3 


157 


2.0 


1.3 


28 


102 


1.8 


1.8 


69 


0.9 


1.4 


105 


2.5 


2.4 


164 


2.6 


1.6 


29 


"3 


1-7 


1.5 


82 


1.5 


1.8 


119 


2.2 


1.8 


162 


2.1 


1.3 


31 


112 


1.6 


1.4 


80 


I.I 


1.4 


118 


2.5 


2.1 


167 


2.2 


1.3 


II- I 


113 


1.5 


1.3 


82 


0.9 


I.I 


157 


2.6 


1.6 


166 


3-9 


2.3 


2 


115 


0.8 


0.7 


80 


1.5 


1.9 


154 


2.4 


1.6 


180 


2.5 


1.3 


3 


107 


1-5 


1.4 


92 


1.8 


2.0 


155 


3-4 


2.2 


207 


2.8 


1.4 


4 


lOI 


1.3 


1.3 


99 


1.2 


1.2 


169 


2.8 


1.6 


175 


2.7 


1.5 


5 


116 


1.3 


I.I 


99 


1.4 


1.4 


150 


31 


2.1 


205 


2.7 


1.3 


6 


118 


1.5 


1-3 


87 


1.8 


2.1 


159 


3.5 


2.2 


190 


2.4 


1.3 



Unit of measurement, i2 = o.oi'. 

Number of estimates on each day, 30 to 50. 

The probable error of a determination varies from rb lO* to 

p. e., probable error of each estimate from the average. 
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ssidered in making up our deductions to be drawn from the results, for 
^ subject was in a very nervous state when the experiment was made. I 
luded the record in the table only to contrast the difference between 
' nervous and tranquil frame of mind in respect to the estimate of 
le. 




Fig. 12. 

X, upper line, serial number of day. 
A", lower line, days of previous practice. 
>', estimate of an interval of loo2. 



fn the cases of B. B. and E. F., Table XI., where 82* was the interval 
en, we notice that with each of these subjects, the time estimate was 
itinually lengthened as practice continued. B. B. began with an aver- 
estimate of 97^ on the first day, which was larger than the interval to 
estimated and continued to increase the interval throughout the series 
experiments. E. F. followed the same course, but he began with an 
rage estimate of 73^ on the first day, which increased daily, until his 
imate exceeded the correct amount by 15^. Hence there was with 
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Fig. 13. 

X^ upper line, serial number of day. 
A', lower line, days of previous practice. 
1 ', estimate of an interval of 822. 
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Fk;. 14. 

A', upper line, serial number of day. 
A', lower line, days of previous practice. 
}', estimate of an interval of 1642. 
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36 (ave. 43^; p. e., 4^). These figures, however, may have been in- 
fluenced by practice on the 100^ ; the large probable error would seem 
to indicate it. 

The above figures, as well as the changes in the time estimate due to 
practice, Table XL, would seem to indicate that the interval which we 
judge with maximum accuracy is a changeable one, depending upon the 
amount of previous practice. Nor does it seem that our "time -sense," 
when unaided by some form of muscular action, is sharpened by practice ; 
on the other hand it may become less accurate. Without doubt, if 
some additional basis were allowed, as in counting or moving of the 
hand, practice would undoubtedly produce good results, in which in- 
stance it becomes a measure of muscular strain when carried into overt 
acts, or of strain of the attention when only the impulse is felt. The 
diff*erences then in the time estimate of diff*erent individuals depend 
partly upon their nature, whether impetuous and nervous or temperate 
and deliberate ; partly upon the direction of the attention. 

While the nervous temperament may account for the difl*erence in time 
estimate of diflerent individuals, it does not explain the variations in 
estimate day by day. For instance, in the case of A. F. (the only sub- 
ject practiced on two different periods) the case is reversed in the two 
estimates. He not only underestimated the 100^ at the very beginning 
of the series of experiments but continued to reduce the estimate through- 
out the whole series. On the other hand, in estimating 164^ his under- 
estimate was larger in the beginning of the series than at its close. Con- 
sequently it may be inferred that the change in the estimates of the two 
periods was not due so much to the nervous temperament of the i>erson 
as to the conception of the length of the interval which he entertained 
at the beginning of the series of experiments. 

Summary, 

1. The estimate of a given interval varies for different individuals both 
with and without practice. 

2. The estimate varies for different intervals with the same person 
both with and without practice. 

3. Practice on the same interval may cause the variation from the given 
interval to increase with one person and decrease with another. Or it 
may cause the variation from the given interval to increase with one in- 
terval and decrease with another interval. 

4. Time estimate is a personal factor depending upon (a) the nature 
of the person whether of an impulsive or quiet temperament ; (b) upon 
the point of the fixation of the attention whether to the sensory or to the 
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motor side ; (c) upon the acuteness of the sense of the person to strains 
accompanying the fixation of the attention and muscular tension. 

5. The change that practice produces in the estimation of time is 
probably due to fixing the attention in the beginning of the series of 
experiments : (a) to the movement to be performed, in which case the 
time estimate is shortened in accordance with the growth of automatic 
control ; (b) upon the sensory side in which case the time estimate is 
made longer ; (c) on the idea which the subject entertains of the in- 
terval on beginning the experiment — if he considers it very short, 
he will at first underestimate it and will increase the time estimate 
by practice ; on the other hand, if he considers it very long he may 
shorten it by practice. 

6. Our sense of time may not be sharpened by practice ; on the con- 
trary, it may become less accurate. 

7. There is no *' indifference point " from which the subject does not 
vary with long continued practice. 

8. The overestimation of small intervals may also be due to the fact 
that the subject does not take into consideration his reaction time. The 
underestimation of longer intervals may also be due to the fact that the 
impulse to react keeps ripening and soon reaches such a degree of in- 
tensity that the subject cannot withhold the reaction. 

V. Regulated rhythmical action. ' 

Apparatus. 

By regulated rhythm we understand such actions as beating with a sig- 
nal. The sound which guided the subjects in beating time was produced 
by a telegraph sounder, arranged in series with a make contact on a revol- 
ving drum. At a point on one of the upright standards supporting the 
drum a spring was attached. To the drum a small projecting arm was 
attached. When this arm moved round to the spring attached to the 
standard supporting the drum, it pressed a lever down, thus closing the 
circuit through the telegraph sounder, and thereby producing a click in 
the sounder. Consequently, the time elapsing between successive clicks 
of the sounder depended upon the speed at which the drum was revolved ; 
the regularity in the frequency of the sounds depended upon the regu- 
larity in the speed of the drum. 

The drum was run by a small motor to which it was attached by a 
thread belt. The motor was run by a current produced by three Edison - 
Lalande batteries, regulated by introducing a resistance of small German- 
silver wire. In this way the speed of the motor could be adjusted with 
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great accuracy.* This method of producing sounds at regular intervals 
required a motor and drum of great regularity. A careful investigation 
was, therefore, made on several kinds of dnims and recording arrange- 
ments. 

1. Y^mso^ phonograph. The metal cylinder of the phonograph may 
frequently be used as a recording drum. Three tests at different speeds 
were made on. the form known as the Home Phonograph. At 267.5"^ 
per second, the probable error was 1.85"*", or 0.7%; at a speed of~ 
174.2"" per second, it was 0.42"*", or 0.2%; at a speed of 354.3""^ 
per second, it was 0.84""", or 0.2%. The drum is thus a very regulai — 
one. The small size of the drum is inconvenient, but the works are 
strong that they might be used in running a much larger drum. 

2. LuDWiG kymograph made by Baltzar. At the slowest speed, o. 47" 
per second, the probable error was 0.008 "", or 2% ; at a speed of 0.9 
the probable error was 0.01"°, or 1.0% ; at 28.9"", the probable erro 
was 0.14™™, or 0.2% ; at 254.2"°, probable error was 1.64"", or 0.6% 
I observed that at the slower speeds one is likely to keep the sprin 
wound up too tightly, in which case the probable error is increased 
Even one-half turn of the handle which winds the spring will produo 
considerable variation in its speed. 

3. Edison motor run by Edison-Lalande batteries. Four tests wer 
made at different speeds and on different dates. Three cells, arrange 
in series, were used to run the motor. A thread from the motor ran th 
regular recording drum. The first test was made when the cells wer 
fresh. At the high speed of 1037.7°" per second (over two revolution* 
per second), the probable error was 0.3%. 

The next test was made nine days later ; the cells had been in con — 
stant use in the meantime. The same arrangements were used, but 
slower speed was tried. At 159.3"" per second, the probable error w; 
0.12%. Ten days later another test was made at a speed of 265.5"" I^ 
second, the probable error was 0.08%. In another ten days a test was 
made at a speed of 150.5"", the probable error was 0.13%. 

These tests show that an Edison motor run by the Edison-Lalakd 
batteries properly arranged, is a very regular source of power. It shoul 
be stated that the cells must work for several minutes before th^ becom 
constant. In no case was I able to get a favorable record until the eel 
had been working at least five minutes. The above tests were mad 
after the cells had been working ten minutes or more. 





1 The remainder of the apparatus used was identical with that described in ScRlPTL-RE^. 
Elementary course in psychological measurements y Stud. Yale Psych. Lab., 1896 IV 121 
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7. Noiseless key. For these experiments a noiseless key was necessary 
because it was found that, while beating time, the subject would quite 
often be guided by the sound produced by the key which he used as by th< 
sound coming from the telegraph sounder. After various attempts to ge ^•i 
a noiseless key, that which was found best adapted to the purpose of ou - t 
experiments consisted of a small band of pendulum-wire soldered to a piec^»^ e 
of brass which was fastened in a handle. The band rested against a platinui^ — :::|| 
point so that when it was moved the circuit was interrupted. An ii 
sulated wire from one pole of the battery was connected with the platinui 
point through the handle, while the band was connected with th.^Kne 

other pole. A soft substance for the finger to strike against in beatii: j^ 

time was fastened over the end of the band. By this method we we=r~ re 
able to do away with the guidance which the sound from an ordina" -ry 
telegraph key gave to the ear in directing the beats. Consequently m 
was necessary for the subject to direct his attention more to the muscuM. ar 
feeling than to the coincidence or the variance between two sounds as 
would have been the case had a sounding key been used. 

The experiments were made on I. M. (Ishiro Miyake), A. F. ( 
Fisher), and W. J. (W. Johnson). The time interval was one secoi 

Experiments, 

A number of preliminary tests on different persons showed a unifo 
tendency to anticipate the signal made by the telegraph sounder with t 
form of key, whereas with a sounding key the reverse was quite as oft: 
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Unit of measurement, i<»' = o.ooiV 
Number of beats at each ex|>eriment, 40. 

The sign — indicates that the subject beat before ihe signal was heard ; -f , tha^^ 
beat after the signal was heard. 

The probable error of a determination varies from ±4' to d=9«^. 
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true. A series of such results with a sounding key has been previously 
published in these studies.^ 

Likewise the results with the noiseless key given in Table XII. 
show that all the subjects anticipated the signal, not only on the first day, 
but also during the first three days in the cases of I. M. and A. F., 
while W. J. anticipated the signal throughout the series of experiments. 
>- ^ ' i In each case the anticipation of the signal decreased until, in the latter 
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i 

of f 






\^s. 



part of the series, two of the subjects waited until they heard the signal 
before beating. The figures given in the table each represent the averages 
of 40 beats. The constant error was derived by adding all the + and 

ff'a-» 1 —errors in each experiment, taking their difference and dividing by 

^ ^ *^ I the number of experiments.* 

Conclusions, 

eii^ucriT.- I 'Hie probable error for each of the subjects was in the beginning of the 

\e ini:>'-| series of experiments much less than the constant error. This shows that 
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the tendency of the subject at first was to l>e governed by the muscular 
rhythms or his own most natural rate of rhythmical movement. With 
practice, however, he learned to accommodate the muscular rhythm to 
the time interval of the signal. However, the diverting of the attention 
to the signal prevented the rapid decrease of the probable error as was 
observed in all the other experiments. The psychological order of de- 
"^'elopment in all regulated rhythmical movements is (a) the change from 
the ordinary rate of muscular action to that of the given rate, and (b) 
then, the decrease of the probable error. 

VI. Free rhythmical action. 

The apparatus consisted of a revolving drum on the smoked surface of 

"^Hich the metal point of a Deprez marker wrote. The spark method was 

^sed. Wires from a battery of 4 amperes were connected with the 

***«rcury cups of a Kronecker interrupter. As the vibrating arm of the 

•'^temipter dipped down into the mercury, it closed the circuit through 

^^« spark coil. The arm of the interrupter was kept vibrating by a sepa- 

self-interrupting circuit through the magnets on either side of the 

From the secondary coil of the spark coil, one wire led to the 

Lin and the other was connected with the support of the Deprez 

'^^^xker so that at each make of the interrupter there was produced a 

^P3.rk on the line drawn by the point of the marker. The interrupter 

"^"as adjusted to vibrate 10 times a second. 

* SCBIFTlTREy Elementary course in psychoU\\^iial measurements^ Stud. Yale Psych. 
^-•b.,i8g6iVi23. 

'ScUFTUmB, New Psychology, 182, Ixjndon 1897. 
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In order to prevent irregularities in the spark record and to keep the 
mercury from oxidizing, a stream of water was allowed to flow over the 
surface of the mercury. According to the original plan two flasks, con- 
nected by rubber tubing with the mercury cups, were filled with watei 
and placed above at sufficient height to get the necessary amount 01 
pressure. This, however, was replaced by a much more convenient reser 
voir, arranged by Dr. Scripture, which was fastened to a tripod anc 
placed a little above the interrupter. The reservoir M'as connected b) 
rubber tubing with a hydrant. Two rubber tubes were led from the bas< 
of the reservoir to the two mercury cups connected with the interrupter 
Any amount of water could in this way be supplied. In the event of to( 
large a supply there was a waste pipe connected with the reservoir whicl 
prevented it from overflowing. 

The Deprez marker was connected with a break contact kev in th< 
quiet room. Each movement of the key made a break in the circuit, 
and this in turn produced a movement in the armature of the marker. A: 
in the preceding section, the noiseless key was used because it was de 
sired to ascertain the rhythm of the person when unaided by the ear. Tht 
key was held between bags of sand placed on the lap. No restriction. 
were placed on the amplitude of the movement of the finger or hand ii 
beating time. The subject was directed to choose his own rate of move 
ment and was requested to retain the same speed throughout the series c 
experiments. All explanations were made before the beginning of th- 
experiments. The subjects were not informed of their rate of movemeni 
In most instances the watch which the subject carried in his pocket wa 
laid aside because it was found that the ticking of the watch caused dis 
traction of the attention with some subjects. 

Daily averages. 

The figures given in Table XIII. show that all the subjects constantl 
decreased the interval between beats as practice was continued. Thoug 
each practice lasted during the time required to make from 250 to 40 
beats, only sections of each practice are given in the table. Section 1 
gives the averages of the first 40 beats ; section II. the averages of th 
next 40 beats; and section III. that portion included between the i6ot 
and 20 1 St beats. 

The shortening in the average time of the beat is apparent in ever 
case. The shortening was probably due to the increasing ease with whici 
the subject performed the experiment. His mental processes probabl; 
became more fluent as the result of practice. It was also noticed ii 
several cases that the amplitude of the movements of the hand also de 
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Table XIII. 
Average daily rhythmical mot'cmettf. 
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T'ht unit of measurement is i^ =0.01'. 
tlie number of experiments at each practice ranged from 250 to 400. 
iTie probable error of a determination varied from it 9<'" to rb 2<'^ . 
I>- e., probable error of each beat from the average on that day. 

^. E., probable error of determination, 
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creased ; this was probably due to the increasing ease of the muscular 
adjustments. 

The results also show for most subjects a decrease in the relative prob- 
able error, but for others a nearly constant probable error. This indi- 
cates for the former class an increase in regularity. Those who did not 
improve to any extent in regularity were those who most shortened the 
average beating-time. It may be suggested that the former subjects di- 
rected their attention mainly to regularity and the latter mainly toward 
ease of movement. According to the record all the subjects were re- 
ported to have kept the same speed according to the directions given. 
Since their attention was fixed more closely on the regularity of the move- 
ment any shortening of the interval if it did not materially effect the 
regularity of the movement would not be noticed. 

The inter\'al for each individual, then, varies with the development 
of automatic control. Unless the subject is directed by some external 
sound to a certain time inter\*al, until a definite muscular movement has 
become habitual, the tendency will be to decrease the interval between 
successive beats until that stage is reached when the movement is guided 
by the natural rate of the response of the nervous system. 

In every instance, at the beginning of the series of experiments, each 
of the subjects had in mind some musical composition which guided 
him in l>eating time. As soon as the subject felt that he could beat time 
mon* regularly by being guided by the muscular feeling then the other 
wtts given up. When the subject thought of some musical composition 
the movement was much slower and more irregular than it was when it 
bei'iuue automatic. 

Prelinunary tests with a sounding key showed that when the interval 
wttN guided by the ear there was a tendency to emphasize certain beats 
depemlin^ upon their frequency. This, of course, was due to the fact 
thut one is aeeustomed to emphasize certain sounds in music and speech. 

riuU the physiological rhythm is difl*erent from the emphasis rhythm 
In very ileurly established by the results of this set of experiments. 
When the subject thought of a musical composition the movement corre- 
npoiuleil to that which Bolton* defined as the '* 2-groupings.*' How- 
ever, in the latter juirt of the series, when the movement came to be con- 
trolled by the nuiscular feeling, the rate of movement corresponded to 
K\\A\ whieh he called the ** grouping by fours." 

Out observations justify us in stating that rhythmical movement rests 
uot i>nly \>\\ the rate of breathing, heart-beat, etc., but also on other 
iihYMolo^ii al tt"^l "it^ntal processes. It is a mental process in that the 

I \\\A U'N, Kkythm, Am. Jour. Psych., 1893 VI 215. 
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duration between successive beats is mentally estimated ; it is a physio- 
logical process in that the time interval can be most accurately measured 
by muscular action. 

Relative decrease of error. 

In order to see how the error was influenced by practice, the decrease 
of the error from day to day was computed according to the formula 
given on page 61. The results are given in Table XIV. The numerals 
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W.S. 
E.F. 
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I and II represent the percentages for the first and second groups of 40 beats re- 
spectively. The percentages in this table are based on the results given in Table XIII. 

I and II, indicate respectively the first and second groups of 40 beats. 
Briefly, the percentages in that table show the average amounts of gain 
from the first, second, etc., days until the close of the series of experi- 
ments. The averages in the vertical column show that only with one 
subject, C.S, did practice produce negative results ; and this occurred 
only in the first 40 beats. In the second group of 40 beats, however, 
the average daily gain in regularity amounted to 14%. Undoubtedly 
the large variations in the first group were occasioned by the irregularities 
in the nervous condition of the subject ; it was necessary to take him at 
times when he was very busily engaged at work. . 

Two general characteristics mark the results given in Table XIV. 

First. As rhythmical movement became more automatic, the percent- 
age of decrease in the probable error proportionately decreased. This 
may be seen, not only by an inspection of the records for each of the 
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subjects, but is expressed, in a general way, by the average daily percent- 
age of decrease as given at the bottom of the table. The same thing is 
seen here as in all our previous experiments and that is that the beneficial 
effect of practice in the reduction of the irregularities of movement is 
considerably greater in the first experiment than in any succeeding ex- 
periments. This decreases with considerable regularity as practice con- 
tinues from day to day. 

Second. The average daily gain in regularity of movement varies 
with each individual. The averages given in the vertical columns show 
variations ranging from — 14% to -f 36%. The greater uniformity, as 
well as the usually larger percentages of the second group of 40 beats 
show that it requires some time before the muscles can adjust themselves 
to the steadiest and evenest action. Consequently the period of the first 
40 beats may be considered as the training period of the muscles. 

Finally, our results show that the principal effects of practice con- 
sisted mainly in overcoming the previous effects of emphasis rhythm, 
the rhythm of speech, poetry and music. As this was overcome the 
beating-time became more rapid and at the same time more regular. 

[VII. General summary. 

The object of this investigation was to ascertain the results of practice 
on voluntary movements by repeating the same movements an equal 
number of times each day until approximately the highest degree of 
perfection attainable was reached. 

I. Triangular movement of the arm. 

The first experiment consisted in tapping continuously at the corners 
of an etjuilateral triangle whose sides measured 20*"". The tests each day 
lasted only a short time ; they were performed from 6 to 1 1 days by seven 
persons. 

The results of the experiment showed that the greatest gains in rapidity 
of triangular movements of the hand as well as in the regularity of succes- 
sive movements were made in the early part of the practice. The per- 
centage of gain in speed rapidly decreased, being 20% for the second 
day, 10% for the fifth, and 5% for the ninth day. The probable error 
was used as a measure of irregularity. The percentage of decrease in 
irregularity of successive movements was not so large in the first part of 
practice as the percentage of gain in speed ; but after the fourth day the 
percentage of decrease had grown until it exceeded the percentage of 
increase in rapidity, thus demonstrating that the psychological order of 
development in voluntary movement is (i) rapidity, and (2) regularity. 
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The results also showed that during each practice period the subject 
constantly increased in speed and regularity of movement until the set- 
ting in of fatigue. However, where the exercise was continued, after a 
short interval there was a renewal of the effort and the same results were 
observed to occur, though the period was much shorter than in the 
former case. These periods of renewal of energy were observed to 
become shorter each time until they came to effect almost every alternate 
movement. 

II. Drawing circles. 

This experiment consisted in making circles with the free arm move- 
ment. A true circle, drawn with a compass, 60"°* in diameter was placed 
before the subject as a copy. Preliminary tests showed that ten circles 
at one sitting gave the best general results. The tests were made on seven 
subjects, extending over six days. 

The results showed that with the right hand most of the subjects 
gained in smoothness of contour in their drawings both during the 
progress of each practice and from day to day ; with the left hand the 
results were more irregular. 

Though all gained in the smoothness of contour of their curves, yet 
all did not make them of a size corresponding to that of the copy. 
These results brought out three types of practice : ( i ) that in which the 
subject decreased the size of the circle both during the progress of each 
experiment and from day to day ; (2) that in which the size of the circle 
was increased during the experiment but decreased from day to day : 
(3) that in which there was but little variation from the copy either dur- 
ing the progress of the experiment or from day to day. The first two 
classes were those who regarded more carefully the smoothness oi con- 
tour of their own drawn curves than they did their correspondence m 
size to that of the copy. The third class were those who directed their 
attention more especially to the size of the curve, and who closely ob- 
served the copy each time before beginning to draw their own curves. 

The results also showed an important principle bearing on pedagogy : 
that a short exercise often repeated is the best method of practice for 
rapid development of accurate adjustment of the muscles. Long practice 
at writing, drawing, etc., seems to be time and energy w^^^^' i^ot only 
are inattentive habits cultivated, but every wrong adjustment gains ci 
place in the chain of subconscious memories, and ^^'^'^^J'^^^'^^^^ ^^^^ 
development of the control over the muscles for accurate a j s t \ih, 

III. nevelopment of cofftrol over untrained muscles ami i^^' adaptal^lejoi,^^^^ 
This experiment consisted in tapping continuously wi ar^e t^^^. 
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until it was completely fatigued. The make and break contacts of a3 
electric \ty were connected with markers so that each movement of th^s 
key was recorded on the smoked surface of a revolving drum. In thi ^ 
way each phase of the toe's movement could be measured ; the phase^^ 
were four, namely, the downward movement, the downward rest, th«s 
upward movement and the upward rest. 

The average tap-time of the subject studied was on the first day 436' ^ 
this very regularly decreased until at the close of the practice it was 2 1 2' • 
Likewise, the probable error decreased from 103' to 35' . Moreover, 
the upward rest was longer in the first part of the practice than the other 
three phases combined ; but at the close of the series, it was the same as 
the downward rest, thus showing that the greatest gains in voluntary ac- 
tivity are those resulting from the practice of the weakest and less exer- 
cised muscles. 

IV. Estimation of time. 

After a number of preliminary tests, the intervals, 82^, 100^, and 
164^ were chosen. The practice lasted from 8 to 16 da}*^ on seven 
subjects. 

The results justify the following conclusions: (i) The estimate of a 
given interval varies for different individuals both with and without 
practice. (2) Practice on the same interval may cause the variations 
from the given interval to increase with one person and decrease with 
another. (3) Time estimate is a personal factor depending upon (a) the 
nature of the person, whether of an impulsive or quiet temperament, and 
(b) upon the point of the fixation of the attention, whether to the sen- 
sory or the motor side. (4) There is no ** indifference point '* from 
which the subject does not vary with long continued practice. The 
changes that practice produces in the estimation of time are probably 
due to fixing the attention on the movement to be performed, in which 
case the estimate is shortened in accordance with the growth of auto- 
matic control, or to the sensory side in which case the time -estimate is 
made longer by practice. 

V. Regulated rhythmical action. 

In arranging apparatus for this experiment the probable error was 
found for the Edison phonograph to range from 0.2% to 0.7%; for 
the LuDWiG kymograph by Baltzar, from 0.2% to 2% ; for a drum 
run by an Edison motor driven by carefully tended Edison-Lalande 
batteries, for o. i % to 3%. The Pfeil marker was found at a break of the 
circuit to have a latent time ranging from i.i<^ it 0.09' with the magnet 
cores distant from the armature to 14.7*^^ 0.03*^ with the cores close to 
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the armature. At a make the latent time ranged from i.S^'zbo.i' to 
1.3' ±0.5' . With this marker the make is nearly as good as the break 
except for its slightly greafer irregularity. The Deprez marker from 
Verdin showed a latent time at the break of 3.8*^ it o.o7<^ and of 2. 5*^ 
±0.64' at the make. Changes in the adjusting spring did not make 
any great changes in the figures. The probable error ^ of the spark 
records was found to be ± 0.25"*" independent of the speed of the drum. 
In beating time in unison with a sounder click each subject had his 
own constant error ; this was generally negative, that is, the subjects 
generally beat time before the click occurred. With practice the con- 
stant error tended steadily to decrease, to become positive and to increase 
positively. The irregularity steadily decreased. 

VI. Free rhythmical action. 

The seven subjects were required to beat time without any objective 
signal. The interval chosen at the start was unintentionally shortened 
with the progress of the experiment ; it was also shortened from day to 
day. The irregularity decreased in like manner. 



NOTES. 

The regular courses of the laboratory for the year 1898-99^ were as 
follows : 

1. Physiological and experimental psychology. Two lectures per week throughout the 
year. Text-books : Ladd's Outlines of Physiological Psychology, Scriptl'ke's New 
Psychology'. 65 seniors and juniors, 10 graduates. 

2. Elementary laboratory course. One exercise a week throughout the year. All stu- 
dents work simultaneously at the same exercise, each step being supervised by the in- 
structor before the next is taken. The course is designed to afford a training similar to 
that of an elementary course in chemistry or physiolc^. For the section on sight San- 
ford's Laboratory Course is used as a text-book. 14 seniors and juniors, 7 graduates. 

3. Intermediate laboratory course. A series of 28 weekly exercises in psychological 
measurements. The students work in pairs at the exercises in rotation. Each exercise 
occupies two or three hours. The students learn the methods of measurement and com- 
putation and the use of various instruments such as the chronoscope, recording drum, etc. 
Text- book : Scripture's Elementary course in psychological measure mentSy Stud. Yale 
Psych. Lab., 1896 IV 89-139. 7 seniors and juniors, 3 graduates. 

4. Advanced laboratory course. Lectures and advanced exercises in the application of 
elementary mathematics in psychological problems. Text-books: Fisher's Intinitesmal 
Calculus, Holman's Precision of Measurements, Weinstein's Physikalische Maassbe- 
stimungen (part of Vol. I). 4 graduates. 

5. Technical course. This consists of a series of exercises for those who expect to teach 
experimental psychology and to manage a laboratory. The instruction covers : the prin- 
ciples involved in making, repairing and caring for apparatus, with practical training in 
wood and metal work ; the methods of experimental demonstration, with practice in the 
preparation of lantern slides and the use of lime-light and electric lanterns ; the princi- 
ples of laboratory economy, etc. The workshop practice is cared for by a special in- 
structor. The student is expected to make several pieces of apparatus involving the 
use of the screw -cutting lathe and the various small tools. He is urged to become suf- 
ficiently familiar with apparatus and lantern work to successfully give an illustrated lec- 
ture ; practice lectures are held and subjected to criticism. The director gives special 
attention to fitting the men in this course for college positions. 5 graduates. 

6. Research-work in psychology. Participants in this course are either investigators 
or assistants. For assistants the object is such a training in accurate introspection, obser- 
vation, experimenting and the art of research as is desirable for the general psychologist. 
This work is open to all. Only those who have had sufficient experience are permitted 
to undertake independent investigations. The result of all investigations belong to the 
archives of the laboratory, lliose who undertake investigations thereby agree to prepare 
the results for publication, subject to approval, in the Studies from the Yale Psycholog- 
ical Laboratory. 6 graduates (independent investigators). 

7. Applied psychology. One hour per week throughout the year. Application of 
modem psycholc^ical principles to educational subjects ; outlines of the psychology of 
touch, its use in education ; motor abilities, accuracy of movement, fundamental princi- 
ples of writing and drawing ; sight, color-teaching ; space, form -teaching, drawing, 
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modeling ; attention, concentration and distraction, laws for developing attention ; 
memory, analysis into its components, experimental study of, develment and training, 
systems of nmemonics, time of study ; imagination, use, necessity of development and 
repression ; emotions, will ; action, reflex, automatic, instinctive, voluntary, their train- 
ing ; education of the blind, the deaf and other defectives ; principles of anthropometry 
and psychometry applied to study of scholars ; psychological development, beginnings of 
instnictioh ; economy in education, greatest results from least efforts, correlation and 
concentration of instruction. The coarse is illustrated with experiments, lantern views, 
and a large collection of educmtioiial material from Europe and America. 24 seniors 
and juniors, 9 graduates. 

Some experiments by Wedensky, Contribution a P etudi de P iner- 
vaiion centraU^ III. internationaler Congress fiir Psychology, appear to 
have a bearing on the explanation of the work on cross-education that is 
being carried on at Yale. Professor Wedexsky experimented on the cor- 
tical motor centers for the anterior limbs of the dog and the cat with the 
result that the state of excitation of one center played an important role 
in the modification produced by stimulation of the s^^nmetrical center. 

The date of Fe^hker's paper should be given on page 6 as 1858 in- 
stead of 1758. 
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RESEARCHES IN EXPERIMENTAL PHONETICS 

{^First Series) 

BY 

E. W. Scripture. 

The science of speech is at the present moment passing into the phase 
of experiment. For many years experiments have been made on the 
vowel sounds and on similar topics from a physical point of view, but it 
is only recently that the attempt has been made to arrange systematic 
work exclusively for the purposes of a science of speech itself. 

The present study, begun in October, 1897, gives the account of some 
of the results already obtained (to the end of 1899) in the system of re- 
searches now in progress in the Psychological Laboratory of Yale Uni- 
versity. The scope of these researches is far wider than the topics con- 
sidered in this first report. * * Experimental phonetics * * would include 
the material of the present study but such a term would need to be ex- 
tended beyond its present significance to include all the work now in 
progress here. I believe, however, that there will be no objection to 
using the name ** experimental phonetics '* for a science of speech in all 
its forms as a matter of expression. This would include not only speech 
sounds as material for language, but also their changes resulting from 
different mental conditions such as fatigue, emotion and the like ; it 
would also include the study of rhythm in speech with its application 
in poetry and music. 

The present investigation owes its immediate origin to suggestions from 
and discussions with Prof. T. D. Goodell (Greek) and Prof. Hanns 
Oertel (Comparative Philology). The question was raised concerning 
the possibility of using laboratory methods to settle the controversy in 
regard to the quantitative character of English verse. It was finally de- 
cided to study some records of English poetry made for one of the talk- 
ing machines. After various trials it was found possible to obtain speech 
records in such a way that they could be measured. 

It quickly became apparent that work on this problem required pre- 
liminary work on the elementary sounds of language. This work led to so 
ndany novelties and showed so clearly the need of revising many of our 
concepts of the natiure of speech that the original problem was postponed 
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until the most valuable facts in regard to spoken sounds could be col- 
lected. These facts lay before me immediately in the records ; it was 
only necessary to measure the sound curves and interpret them. This 
measuring was a most laborious and fatiguing process but after a month 
or two of practice in interpreting the curves the work proved to be in- 
credibly profitable ; it was rare to spend an hour at work on them with- 
out discovering some new fact. The field is, indeed, so rich and so un- 
explored that there is unlimited gain for any one wishing to enter it. To 
any one wishing to use the same methods every possible facility will be 
afforded by the Yale laboratory. 

I. Apparatus for studying speech records. 

The choice of a method for obtaining measurable records seemed to 
lie between : 

1 . Causing the sound to trace a record that might be directly studied, 
without the possibility of reproducing the sound. 

2. Causing the sound to trace a record which could be used to repro- 
duce the sound and which could also be studied. 

Both of these principles involved most serious difficulties; a long 
series of investigators and inventors had, however, rendered them pos- 
sible. 

The former principle appears to have been first applied by Scott in 
his phonautographJ 

In Scott's phonautograph a large parabolic receiving trumpet carries 
at its end a thin membrane whose movements cause a small recording 
lever to write upon the smoked surface of a cylindrical drum. The 
sounds of the voice passing down the receiver agitate the membrane and 
cause the lever to draw the speech curve on the drum. A vibrating fork 
serves to write the time line beside the speech line. Scott was a typog- 
rapher and afterwards a dealer in photographs ; the instrument was made by 
Rudolph Koenig, the well-known maker of acoustical apparatus in Paris. 

The instrument as improved by Koenig was used by Bonders and 
others.' 

The logograph of Barlow consisted of a trumpet or mouthpiece end- 

1 Scott, Inscription automatique des sons de Tair au moyen d*une oreille artificielle, 
i86i. 

Scott, Phonatitog raphe ^ Annales du Conservatoire des Arts et Metiers, Oct., 1864. 
Scott, Phonautographe et fixation graphique de la voix^ Cosmos, 1839 XIV 314. 
LipriCH, Studien i'tber d. PhonatUographeft von Scott^ Sitzb. d. Wien. Akad., Math.- 
naturw. Kl., 1864 L (II. Abth.) 397. 

2 Bonders, Ueber d. Natur aer Vokale^ Arch. f. d. holl&nd. BeitrSge z. Natur.- u. 
Heilk., 1858 I 157. 
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ing in a thin membrane of rubber. A thin lever of aluminum carrying 
a point dipped in color wrote the speech curves on a band of paper. ' 

A still further improved phonautograph was used by Schneebeli,' 
which carried two points, one fixed to aid in comparison and the other 
moving with the membrane. The inscription was made on a light strip 
of glass covered with a light coating of smoke and drawn on a carriage 
rapidly in front of the recording points. The tracings were measured 
with the aid of micrometric screws. Schneebeli gives a number of 
the characteristic curves of the vowels. 

Various similar methods have been employed with constantly better 
results. The ear drum has been used for the membrane by C. Blake.' 

The hindrance due to the inertia of material levers was avoided by 
E. W. Blake, who attached a mirror to a telephone plate in such a way 
that a beam of light was deflected by each movement. A ray of light 
from a heliostat was reflected through lenses upon a photographic plate 
moving with a constant velocity. The sound wave thus recorded a line 
on the plate.* 

Preece and Stroh used a thin membrane of rubber stretched by a 
cone of paper. The cone was made to move a fine glass tube supplied 
with an aniline ink, the record being taken on a band of paper. ^ 

RiGOLLOT ET Chavanon covcred the wider end of a paraboloid with 
a very thin membrane of collodion, to the center of which was fixed a 
small mirror working on an axis of fine thread. The deflections of the 
ray of light were recorded on a sensitive paper.' 

DoNDERS, Zur Klangfarbe der VokaU^ Arch. f. d. holl&nd. Beitrtge z. Natur. u. 
Heilk., 1S61 IIT 446. 

DoHDKRS, Zur Klangfarbe der Vokale^ Ann. d. Phys. u. Chem., 1864 CXXIII 527. 

DoNDERS, De phjTsiologie der spraakklanken, Utrecht 1870. 

ScHWAN UND Pringsheim, Der franzSsische Accent, Arch. f. d. Studium d. neueren 
Sprachen, 1890 LXXXV 203. 

* Barlow, On the pneumatic action which accompanies the articulation of sounds by 
tkt human voiee, as exhibited by a recording instrument, Proc. Roy. Soc. London, 1874 
XXII 277. 

Barlow, On the articulation of the human voice, as illustrated by the logog^aph, Proc. 
Roy. Dublin Soc., 1880 N. S. II 153. 

« SCHNEEBBU, Experiences avec le phmiautographe. Arch, des Sciences phys. et nat. 
de Gen^e, 1878 (Noavelle p6riode) LXIV. 

ScHifEEBEU, Surla theorie du timbre et particuliirement desvoyelles. Arch, des Sci- 
ences phys. et nat de Gen^e, 1879 (III. piriode) I 149. 

* Blake, The use of the membrana tympani as a phonautograph and logograph ^ 
Archives of Ophthal. and Otol., 1876 V No. i. 

« Blake, A method of recording articulate vibrations by means of photography, Amer. 
Jour. Sd., 1878 XVI 55 ; also in Nature, 1878 XVIII 338. 

^YMM£X>hXlt^^T%QIA^ Studies in acoustics, Proc. Roy. Soc. London, 1879XXVIII 358. 
< RiGOLLOT IT Chavanon, Journal de physique, 1883 553. 
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The most highly developed instrument of the lever recording type 
seems to be that of Hensen.' It consists of a membrane of goldbeater's 
skin in a conical form produced by molding it over a shape while moist 
and allowing it to dry before removal. A single light lever attached to the 
center of the membrane carries a fine glass thread as a recording point. 
It writes the curve on a thinly smoked strip of glass. The curves are 
studied with a microscope. This instrument has been used in several in- 
vestigations.' 

An important improvement was made in Hensen's recorder by Pip- 
ping who replaced the glass thread by a small diamond which scratched 
the curve directly on the glass strip. With this instrument Pipping has 
made a series of investigations, chiefly on the vowels.' 

Rapps also avoids the difficulties of a diaphragm or membrane by an 
ingenious optical method.* 

The Marey tambours in various modifications have been frequently 
used.^ Other devices have been employed at different times.* 

»Hensen, Ueber die Sckrift vonSckallbrwegungen^ Zt. Biol., 1887 XXIII 291 ; first 
described by Gruetzner, Physiologie d. Stimme u. Sprache, 187, in Hermann's Handb. 
d. Physiol., I. Bd., II. Theil, Leipzig 1879. 

•Wendeler, Ein Versuch^ d, Sckallbewegung einiger ConsonanUfi «. anderer 
Gerdusche mit d. HensefCschen Sprachzeichner graphisck darzusteilen. Diss. Kiel, 1 886 ; 
also in Zt. f. Biol., 1887 XXIII 303. 

Martens, Ugber das VerhalUn von Vokalen und Diphthongen in gesprochenen War- 
ten, Diss. Kiel, 1888 ; also in Zt. f. Biol., 1889 XXV 289. 

8 Pipping, Om Klangfdrgen hos sjunga vokaler. Diss. Helsingfors, 1 890 ; also as Zur 
Klangfarbe d. gesungenen Vokale ; Untersuchung mit Hensens Sprachzeichner (Diss, 
in Swedish, Helsingfors 1890), Zt. f. Biol., 1890 XXVII i. 

Pipping, Nachtrag zur Klangfarbe der gcsungetien Vokale, Zt. f. Biol., 1890 XXVII 

433- 

Pipping, Zur Lehre v. d. Vocalklangen, Zt. f. Biol., 1895 XXXI 525. 

Pipping, Phonautographische Studien iiber d. Quantitdt schwedischer Worte u. d. 
musihalischen Accent, FinlSLndska Bidrag. till Svensk Spr&k och Folklifsforskning, Hels- 
ingfors 1894. 

Pipping, Ueher d, Theorie d. Vokale, Acta Societatis Scientiarum Fennicae, 1894 XX 
No. II. 

* Rapps, Ueber Lujtschwingungen, Diss., Berlin 1892 ; also in Ann. d. Phys. u. Chem., 
1893 L 193. 

* RoussELOT, Les modifications phon^tiques du langage, Paris 1892. 

Bourdon, V Amplication di la mithode graphique d Pitude de Pintensiti de la voix, 
Ann6e psychol., 1897 IV 369. 

Wagner, Franzosische Quantitdt {unter Vor/u/irung des Albrechf schtn Apparats)^ 
Phonet. Studien, 1893 VI I. 

6 FiCK, Zur Phonographik, BeitrUge zur Physiologie LUDWIG gewidment, 23, Leip- 
zig 1887. 

■ KoscHLAKOFF, Die kiinstliche Reproduction u. graphische Dantellung d. Stimme ^ 
Arch. f. d. ges. Physiol. (Pfliiger), 1881 XXXIV 38. 
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The manometric flame method was devised by Koenig.* The vowel 
is sung or spoken into the trumpet leading to the small box known 
as the manometric capsule. This box is divided in two parts by a thin 
rubber membrane. The part opposite the trumpet is a tight chamber 
through which illuminating gas is flowing ; the gas is lighted at the end 
of the small tube. As the sound waves descend they strike the rubber 
membrane, set it in vibration and thus produce movements of the gas 
analogous to those of the air in the sound waves. By means of a revolv- 
ing mirror the vibrations of the flame can be seen. These flames can be 
photographed' by selecting the right composition of the illuminating 
gas ; cyanogen gas has been used ; a mixture of hydrogen and acetylene 
gas burning in a chamber of oxygen seems to be successful. 

The foregoing methods have been employed for the solution of the 
most diverse problems.' 

The second principle is that of the sound-reproducing machines, or 
talking machines. 

The original talking machine seems to have been the phonograph of 
Edison. The tin-foil phonograph was afterwards superseded by the 
wax-cylinder form. 

A sheet of thin glass receives the sound waves and engraves them in a 
sur&ce of hard wax by means of a sapphire knife attached to it. By re- 
placing the sapphire knife with a round sapphire point the glass dia- 
phragm is made to reproduce the sound. 

The great advantage of this method lies in the fact that the record can 
be made audible at any time ; the accuracy of the result can thus be 
always tested. 

' KozsiG, Die manometriscA^n Flammen, Ann. d. Phys. u. Chem., 1872 CXLVI l6i. 

KOENIG, Quelques experiences d'acoustique, 46, Paris, 1882. 

AUERBACH, Untermchungen u. d. Natur. des Vokalklangs^ Diss. Berlin, 1 876 ; also 
in Ann. d. Fhys. a. Chem., 1876 Erg&nzungsbd. VIII. 

< Stein, in Marey, La methode graphlque, p. 647. 

DOUMER, Mtture de la hauteur des sons par les flammes manomitriquesy C. r. Acad. 
Sci. Paris, 1886 CIV 340. 

DoUMER, Etudes du timbre des sons, par la mithode des flammes manomitriques, C. r. 
Acad. Sd. Paris, 1887 CV 222. 

DOUMER, Des voyelles dont le caractire est tris ai^^ C. r. Acad. Sci. Paris, 1887 

CV 1247. 

MarAGS, Jttudii des voyelles par la phOtographie des flammes manometriques. Bull. 

de r Acad, de Med., 1897 XXXVIII 476. 

NlCKOLLS AND Merritt, Photography of manometric flames, Phy.sical Review, 1898 

VII 93- 

*AinULBACB, Die physikalischen Grundlagen der Phonetik, Zt. f. franz. Sprache u. 

Ut., 1894 XVI 117. 

RoussiLpT, Mnapes de Phonitique Exp6rimentale, Paris 1897. 
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The phonograph has been used to receive records which have after- 
wards been studied. 

The methods of studying phonograph records are of two kinds. 
Direct enlargement and measurement by means of the microscope is the 
method followed by Boeke.^ Enlargement by means of amplifying 
levers, recording directly on a smoked cylinder is the method used by 
a series of observers.' Phonograph records have been studied to a con- 
siderable extent.' 

Enlargement by means of levers recording on photographic paper by 
means of a beam of light is the method developed by Hermann.* The 
Yale laboratory is equipped for this method also. 

^ BOEKE, Mededeeling otntreni omUrzoekingen van klinkerindruskeh op de iva^roUm 
van EdistnCs verbeterden fonograafy Dc natuur, 1890, July. 

BoEKE, Mikroskopische Phonogrammstudien^ Arch. f. d. ges. Physiol. (PflUger), 
189X L 297. 

Meyer, Zur Tonbewegung des Vokals im gesproch, u. im gesung. Einzehvort, Phonct. 
Studien, 1897 X I (Ncuere Sprachen, IV). 

« Mayer, Edison's talking machine^ Nature, 1878 XVII 469. 

FiCK, Zur Phonographikf Beitrftge zur Physiologic Ludwig gewidmet, 23, Leipzig 
1887. 

Jenkin and Ewing, The phonograph and vowel theories. Nature, 1878 XVIII 167, 

340, 394. 

JfcNKiN AND Ewing, On the harmonic analysis of certain vowel sounds ^ Trans. Roy. 
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These pivots form the fulcrum of the stylus. The stylus is dampened by 
a'piece of sof^ rubber inserted between it and the metal cover of the 
sound box. 




The sound waves coming down the speaking tube set the diaphragm 
in motion ; this diaphn^m moves one arm of the stylus and the point at 
the end of the other arm repeats this movement. 




The impression disc is prepared by two methods. I shall describe fitst 
the method with which I am acquainted and then a later method which 
seems of special interest. 
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In the former method (Patent No. 382,790) a highly burnished zinc 
disc 18" in diameter is fioved with a saturated solution of wax in 
heiuine ; the film of wax thus deposited is so thin that the touch of a 
camel's hair brush marks it perceptibly. 

The prepared disc is placed on a revolving plate so that its surface is 
touched by the point of the recording stylus (Patent No. 534,543)- 
As the plate revolves the recorder is made to travel toward the center ; 
thus its point cuts a spiral groove through the wax. The vibrations of 
the point make deflections in this groove. These deflections are in the 
plane of the surface of the plate and not dug into it as in the case of the 
pboiH^raph. 

The record disc is then placed in an etching bath similar to that used 
by photo-engravers (Patent No. 548,623). The part of the zinc from 
which the wax has been removed by the stylus is attacked by the acid 
and a permanent groove is m^de. A copper matrix is then made from 
this by electrolysis. The matrix contains the sound-line in relief 
After the matrix has been protected by a layer of nickel, unvulcanized 
njbber is pressed into it. The rubber is then vulcanized in place. When 
removed from the matrix the rubber plate is a true copy of the original disc. 




Fic 3. 

"fhe later method of making record discs I know only from a study of 
***« Letters Patent, No. 564,586. I judge, however, that it is a better 
°*«thod and I believe that it may be of easy application in the direct 
'^^y of records by the microscope. 

In this method a glass plate is clamped on an axis by which it can be 
^Uted. The under-surface of the disc is carefully polished and dried 
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and is then covered with a thin film of linseed oil by means of a camel's 
hair brush. A smoky fiame then held under the plate deposits a fine 
layer of lamp-black, thus forming an amorphous ink which covers the 
glass in an even, exceedingly thin layer. This coating of ink does not 
flow spontaneously and requires only a minute force to trace a line in it. 
The sound line is drawn by the point of the recording stylus in a manner 
similar to that just described. Copies of the disc are made by placing 
it over a sensitized photographic plate and proceeding by photo-engraving. 
To reproduce the sound the rubber disc is placed on a plate which can 
be rotated by some motor power. A reproducing sound box is so ar- 
ranged that the point of its stylus travels in the sound-groove. The 
deviations in the sound groove move the point of the stylus whereby a 
glass diaphragm is made to reproduce the sound waves. The reproduc- 
ing sound box differs from the recording sound box chiefly in having a 
stiff round steel point at the end of the stylus instead of a cutting point, 
as shown in Fig. 3. 

2, Transcribing gramophone records. 

The speed at which the plate travels in the record-making machine is 
about 70 revolutions a minute. This stretches out the curves for the 
speech sounds so that the variations in amplitude are visible through the 
microscope only in the case of musical sounds and vowels. The method 
of direct reading by the microscope is therefore not available. The 
record must be transcribed in such a way that the relation between length 
and height, that is between time and amplitude, shall be changed. In 
the method about to be used the height was enlarged while the length 
was decreased. 

In the transcribing apparatus (Fig. 4 ) the gramophone plate was pal 
on a metal disc E similar to that of the original record-making machine. 
This disc was rotated at a speed of o. i revolution a minute by a S3rstem 
of spur and bevel gears. The particular system used was adopted after 
long experimenting ; as it may be of use to others it may be profitable to 
briefly describe it. 

A small I lo-volt Edison motor A was connected with the electric mains 
through an appropriate resistance. A convenient and cheap form of re- 
sistance L was found in the so-called reduction sockets for 16 c. p. lamps. 
These contain fine resistance wire wound on asbestos, which can be placed 
in circuit with the lamp to any desired extent, thereby reducing the cur- 
rent passing through it. An appropriate plug carrying the motor wires 
was placed in one of these sockets ; this socket was connected to another 
plug which was placed in another reduction socket ; this finally was con- 




to a plug placed in a socket on the main line. By moving the 
Lnobs on the reduction sockets the speed of the motor could be reduced 
as desired. Finally the current was passed through 340. p. lamp as a 
pcnnanent resistance of 800 ohms. In making the present records the 
motor was adjusted to about 800 revolutions a minute. 




k^ 



AmEter gear ion the axle of the motor fitted into another miter gear on 
first axle of the reducing machine B. The first asle of the reducing 
inachine thus revolved at 800 revolutions per minute. (For still finer 
work it has been found convenient to use a worm on the motor axle and 
a worm gear on the first reducing axle ; for a worm gear of n teeth the 
speed of the first axle is i/w that of the motor.) The second axle carried 
a large spur gear with 160 teeth which fitted into small spur gear with 16 
teeth on the firet axle ; thus the second axle made 80 revolutions per 
In a similar way gear-transmission to a third axle reduced the 
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speed to 8 revolutions, and transmission to a fourth axle reduced it to 0.8 
of a revolution. This fourth axle carried a spur gear of 20 teeth which 
fitted into the 160 teeth of the final driving machine of the disc whose 
axle thus made o.i revolution a minute. 

The axle of the final driving mechanism carried on its further end 
a tube C with a longitudinal slit in it. Within this tube was a rod i*" in 
diameter with a thread of 96 turns to the inch on its surface ; it 
was held by a nut correspondingly threaded. A projection from the rod 
fitted into the slit in the tube ; thus the rod was forced to turn with the 
tube. At the same time the thread on its surface forced it to move 
lengthwise -^ of an inch for each revolution. The rod bore on its end 
a carefully centered point and just back of this point a miter gear. The 
point pressed against the disc -carriage. This carriage consisted of a 
bar of brass running on a pair of rails and carrying the metal wheel £. 
The metal wheel rested on the carriage and its axle projected through it. 
As the rod traveled forward it pushed the carriage ahead of it. At the 
bottom of the axle there was a second miter gear D bearing against the first 
one on the rod ; this turned the metal wheel in unison with the rod. 
When a gramophone plate was clamped on the wheel with proper center- 
ing, it was turned once in 10 minutes and was driven forward radially -^j 
of an inch per revolution. Thus the speech curve on a plate would travel 
steadily under a fixed point from beginning to end. 

Just above the disc the amplifying lever I*' was adjusted so that the soft 
steel point rested in the sound groove. The distance from the fulcrum 
to the point was 22""°. The lever possessed side movement in order 
to transcribe the curve, and vertical movement in order to follow the 
changes in the thickness of the plate. The long arm of the lever reached 
595""* beyond the fulcrum. The extreme part of it consisted of a 
recording point of pendulum ribbon J/" 15 2"*™ long. This point traced 
the side movement on the smoked paper and also yielded to the up and 
down fluctuations without any noticeable effect on the records. The am- 
plification was approximately 27 times. 

It was afterwards found desirable to replace the simple supporting ad- 
justments of the steel point by an adjusting standard such as is used in 
ordinary laboratory work. The point could be raised or lowered by a 
rack and pinion and adjusted sidewise by a small screw. The vertical 
movement was convenient for regulating the pressure of the recording 
points on the drum ; the rubber gramophone plates varied in thickness 
and would consequently raise the point more at one side than the other. 
This variation has been avoided in the most recently made plates. 

The centering of the gramophone plate was not an easy matter. The 
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speech curve was made in the form of a spiral around the center of rota- 
tion in the original machine ; neither the edge of the rubber disc with 
the record nor the hole in its center coincided with this center. To 
center the spiral accurately on the metal plate two methods could be 
used. The microscope method proved somewhat the more convenient. 
The metal disc was moved away from the point of the rod. A micro- 
scope or a large magnifying glass was fixed so that it was focussed on the 
spiral groove. As the disc was turned the groove passed through the 
field of vision. If the plate was not centered, it would move to one side 
or the other during one half a revolution ; it was adjusted by the fingers 
until the groove did not appear to move back and forth with every turn, 
but to maintain a steady side movement amounting to once the width be- 
tween lines for one revolution. The other method consisted in turning 
the disc with the recording point adjusted and noting the deviation to 
one side for one half a revolution. The disc was then moved radially 
until the point marked one half the deviation. If this was properly 
done, the point would show no deviation as the disc is turned. 

The steel point was pressed into the groove of the plate by means of 
the rubber band on the thread b ; the verticality of the pressure was 
assured by the plumb line C 

The record was made on smoked paper moved by the Baltzar kymo- 
graph X in the usual way with side movement of the drum by the driv- 
ing mechanism G. 

There were such minor adjustments of recording points, levers, etc. , 
as were requisite for accuracy and convenience. To avoid jarring through 
the floor the table was at a later date suspended from the ceiling by wires. 
The jarring of the motor was avoided by placing it on sand. The slight 
variations in the potential of the city current did not appreciably affect 
the record. 

In the laborious work of transcribing these records I was greatly aided 
by Mr. Minosuke Yamaguchi. 

The records were measured with a scale graduated in loths of a milli- 
meter under a watchmaker's eye-glass or under a magnifying glass. Thus 
o. i"* was the unit of measurement. This represented an interval of time 
of 0.003^', or o.3^«'. In the case of regularly repeated vibrations the 
determination could be made still finer by measuring a long series of vi- 
brations. In the calculations only the tenth of a millimeter was used. 
The tenths of a slgma in the results may be out by one or two units ; 
thus a series of vibrations recorded as 2. i*', 2. i*', 1.9*', 1.9*', etc. , would be 
possibly more correctly given as 2.1*^, 2.0*^, 1.9*^, 1.9*', etc. These steps 
disappear in the plotted curves of results which were drawn smoothly by 
aid of rubber curves. 
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The calculation was aided by Zimmermann's Rechentafeln and a table 
of reciprocals. Thus millimeter measurements were turned into periods 
of vibration by using the table for 35, and frequencies were found by 
taking the reciprocal of the period. 

The reproductions of speech curves in this study were obtained by hav- 
ing the originals photographed, with an enlaigement of four times, di- 
rectly on a wooden block ; the engraver then cut the line with his tool. 
As some of the finer details were necessarily lost in this way, the attempt 
was made to get larger amplification in the records. Six months of un- 
successful work with compound levers were followed by an attempt 
(Dec, 1899) with a single very long lever of straw having the fulcrum 
close to one end and the recording point of glass. This method gives 
most beautiful curves of the greatest delicacy ; they are as large as the 
curves shown in the figures for at, etc. below and can be reproduced di- 
rectly by zinc etching. This method is being used for further researches. 
Many oiher improvements have also been lately introduced. 

In addition to the illustrations produced by photography and cutting 
by the engraver, others have been made by drawing with the free hand 
on a very large scale the curve as seen through the magnifying glass ; in 
this way the finer details could be brought out with great accuracy. 

II. The diphthong at found in the words /, eye, die, fly, thy. 

The words first studied in the present case are those of William F. 
HooLY, a trained speaker, reciting the nursery-rhyme entitled '*The 
Sad Story of the Death and the Burial of Poor Cock Robin. * ' The record 
is contained on the plate numbered 6015 made by the National Gramo- 
phone Company of New York. As it is impossible to get any definite 
idea of how the words actually sound except by putting the plate in the 
gramophone, I will try to indicate some of the characteristics of the words 
heard. 

Mr. Hoolv speaks in what appears to be the normal American accent 
in the neighborhood of New York except in two respects : i. he makes 
an unusual effort at distinctness ; 2. he recites in the manner frequently 
adopted by adults in speaking to children — a manner that I am able to 
characterize only as having an excess of expressiveness and melodiousness. 

The record on the gramophone plate, as far as it has been traced off, 
reads as follows : 

Now, children, draw your little chairs nearer so that you can see the pretty 
pictures and Uncle Will will read to you the sad story of the death and the 
burial of poor Cock Robin. 
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Who killed Cock Robin ? 

I, said the sparrow, 

With my bow and arrow. 
I killed Cock Robin. 

Who saw him die ? 

I, said the fly» 

With my little eye 
I saw him die. 

Who caught his blood ? 

I, said the fish, 

With my little dish 
I caught his blood. 

Who* 11 make his shroud ? 

I, said the beetle, 

With my thread and needle 
ril make his shroud. 

Who'll be the parson ? 

I, said the rook, 

With my little book 
rU be the parson. 

Who'll dig his grave ? 

I, said the owl, 

With my spade and trowel 
rU dig his grave. 

Who'll carry the link? 

I, said the linnet, 

I'll fetch it in a minute, 
ril carry the link. 

'0 extend the treatment to prose some cases of 1 were studied in an- 
^<r record by Mr. William F. Hooley, entitled ** Gladstone's Advice 
'^ Self- Help and Thrift, '* being record number 6014 of the gramophone 
*^es. The speech runs as follows : 

*' Ladies and gentlemen, the purpose of the meeting on the 14th instant 
^y, I can say, be summed up in a very few words : self-help and thrift. ' ' 
Two examples of this diphthong were also studied in the word thy, as 
appears in record number 668 Z (name of speaker not given), which 
^ns as follows : 

Our Father, which art in Heaven ; hallowed be Thy name, Thy kingdom 
ome . . . 

In order to get some idea of the relation between the character of the 
vibrations and the mental character of the word I have recorded judgments 
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as to how the words appear to the ear. The statements arl given with ap- 
pended initials in the accounts of the various words ; the persons obscn- 
ing were : (O), Hanns Oertel ; (E. M. C), Miss E. M. Comslock; (E. 
W. S.), E. W. Scripture. 

at in the word / (first example). 

The first occurrence of ai is in the verse /, said the sparrow. 

A reproduction of the curve for this word is given in Fig. 5. As ex- 
plained on p. 14. some of the details are lost in making the figure and. 
others are not quite correctly given ; the original curve is much sharper 
and clearer. 



This word / occupies an interval of 452" (" = o.ooi'). It is pre- 
ceded bya silent interval of 770', or about 3^ of a second ; this is th( 
full stop in the stanza after the question is asked and before the answer 
is given, indicated by ? in print. It is followed by a silent interval 
210", indicated in print by a comma. 

Beginmng. — ^The beginning of the a is apparently clear, that is, it 
not preceded by any breathing. The vocal cords are apparently a 
justed for voice production before the expiration begins ; the vowel stai 
with a light vibration of the cords. There is no explosive sound, 1 
glottal catch, before the vowel. 

PiUh. — Beginning with a period of 18', the cord lone changes slowljj 
through II, 10, 9, 8, 7', reaching 6" al the nth vibration, 5' at tbfl 
15th, 4" at the 30th ; the period of 4" is maintained to about the n 
vibration, after which it falls slightly to 4. i' during the last 7 vibrations,. 
In other words, the pitch glides slowly upward from a lone of 56 complete 
vibrations per second to one of aoo per second, then uore slowly to 
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of 250 per second, at which pitch it remains constant except for a slight 
drop as the diphthong ends. Fig. 6 shows the course of the pitch-changes 
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during this word. The horizontal axis in this figure, as well as in all 
similar ernes, represents time. The point :c = o is taken at the moment of 
the lint vibiation and the sound curve is supposed to be laid along the X- 
axis. At each point on this axis at which the curve shows a cord vibra- 
tion to begin an ordinate is erected, inversely proportional to the time 
from this moment to the beginning of the previous vibration, that is, to 
the frequency of the cord vibration at that point. By an oversight the 
fignies 300 and 400 have been interchanged. 

Formation, — A drawing of the first three vibrations is given in Fig. 7 ; 
the dots indicate intervals of i*'. 




Fig. 7. 

The vowel a begins with a movement of the vocal cords by which an 
extremely weak puff of air is emitted. This puff of air passing through 
the resonance -chamber of the mouth arouses 3 or 4 vibratory oscillations 
of air contained in the chamber. There is first a half oscillation of weak 
amplitude, then a comparatively strong oscillation, followed by very 
weak ones. Even the strongest is, however, very weak ; the following 
oscillations are so weak as to be hardly perceptible. The resonance vi- 
brations disappear and there is an interval of silence before the second 
puff appears. Then the cords emit another puff of air a trifle stronger 
than the first, the time from puff to puff being i8<^. The 6 resonance 
vibrations arc slightly stronger than before. The period of silence is 
shorter than before. The third puff occurs i V after the second one. The 
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resonance vibrations are a trifle stronger still ; there are 7 of them with 
a brief interval of silence. The fourth puff begins at 10' after the begii 
ning of the third one. The fourth pu<f contains 8 resonance vibrations, all 
slightly stronger than before ; there is no interval of silence because the 
fifth puff begins just as the last resonance vibration of the fourth puff 
ends. The interval occupied by the fourth puff is 9". The end of the 
fourth puff, the whole of the fifth puff and the beginning of the sixth 
are shown greatly enlarged in the drawing. Fig. 8. 




Il is a characteristic Iratt of this particular it that the vibration is 
strongest at the start ; this indicates a sudden and complete opening of 
the cords. The quickest opening requires, however, a little lime and 
there must be a measureable change from no passage of air to liill passage ; 
this ia shown by the weak half of the first resonance vibration preceding 
the large half The form of vibration may possibly be held to indicate 
a complete closure of the cords whereby ihey actually touch each other. 
This is supposed to be a characteristic of spoken vowels as distinguished 
from sung voweb. The a sung by Hermann' shows a gradual rise and fall 
of intensity such as would arise from a free vibration of the cords without 
touching of their edges. Spoken vowels, however, may be also produced 
by free vibrations of the cords as in the case of the / analyzed below 
CP- ^5)- 

in this / there ap[)earsa trace of the strong secondary resonance vibra- 
tion discussed below (p. 23) ; the phenomenon is here so faint that a 
discussion of it is best postponed to the study of the 2d 
example of /. The resonance tone indicated by it has a 
period of 313', or a frequency of 1S6 ; this is approxi- 
^' mately the note shown in Fig. 9. 
The resonance vibration in the first part of the word 
has a period of i" or a frequency of 1000. Its pitch is ' 
approximately as indicated in Fig. 10. 

> Hbkmakn, Pkaai/fhetagrafAiicAt i'nlersiukungtn , IV., l/iU/ri 
netun EiiiiKn I'henFhBnogrifliin.AK^i.f. A. g&.Vhyw>\. (Pflagcr), l893LIIlT*rel 11. 
HekM*.«S. iVeitirf C'ahnucllHtisiH ii. J. tVestn d. IWa/t, Arch. (, d. ge%. Pbjilnl. 
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Rtieartkes in expcrmeiUal phvnetics. 

As ihe period of the cord tone becomes shorter, the number of reso- 
nance vibrations to each period becomes smaller. Beyond the 30th period 
of the cord tone the resonance vibrations show a lengthening of period. 
Id the 39th cord vibration the resonance tone reaches a period of J. a' or 
a frequencj' of about 450 ; it thus falls more than an octave in the time 
of 9 cord vibrations, or, in this case, in 33". Here the resonance tone 
is nearly but not quite of the same period as Ihe octave, 2", of the cord 
lone, 4". This rhaniie isBhown in the hand -drawing, Fig. 11, which be- 



gins with the 3iat vibration. This relation between resonance tone and 
cord tone is maintained to the end of the word ; it produces the peculiar 
alternation of waves seen in the last two vibrations in Fig. u. 

The vibrations up to the 31st unijueslionably belong to the a. In 
the vibrations beyond the jgih both the cord tone and the resonance 
tone are constant, except for a slight fall at the end. They unquestion- 
ably belong to the /. The vibrations from the 31SI to the 39th show a 
t^onstant cord tone and a falling resonance tone. They are presumably 
to be considered as belonging to the ■' glide." During the a the cords 
Viave been stretched more and more until at the 31st vibration they 
r^ach the tension required for the /; the only further change necessary 
is the lowering of the resonance tone. 

Beyond the portion shown in Fig. 1 1 the curve shows strong vibrations 
so nearly alike that one is naturally induced to consider each one a pord 
A.'ibratioD, as shown in Fig. 13. This would not be the proper way be- 
cause close inspection shows that succeeding vibrations differ slightly, 
Awhile alternate ones are alike. This likeness of all the resonance vibia- 
Vions in the i as contrasted with the a is protiably also due to a difference 
in Ihe action of the cords; this difference appears more clearly in the 
word eye analyzed below, and the discussion is postponed to that point. 
With the understanding that no definite limit can properly be made 
between one sound and the neighboring one in this case, we may, on ac- 
count of the foregoing consideration, consider the a to have occupied the 
time 103" ending with the 30th vibration, the glide to have occupied 
33* eiKling with the 3Sth vibration and the / to have occupied the remain- 
ing ai6». 





in the / of iii. I'heir fineness rendered it impossible to settle on any 
delinite facts regarding them. In the drawing, Fig. 13, 1 have tried to 
give some idea of how the curve of the / 
might appear if freed from the defects of 
tracing. It is impossible to assign any 
I>eriod to these small vibrations ; the regii- 
tarity in the drawing was adopted for purely 
mechanical reasons. 

The changes of the cord tone and the 
resonance tones are indicated in a general 
way in Fig. 14. 

Amplitude- — Theainplitudeof a vibration 
is the distance from the position of equi- 
librium to the extreme position on either 
side ; it is thus one-half the difference in altitude between the crest and 
the trough of a wave. The course of change in amplitude 
r^'B' <S- The horizontal axis represents time as explained for Fig. 6. 
The vertical a.tis represents amplitude. 

The initial resonance vibration of the first puff of this a has an ampli 
tude of less than o. i"". This slowly increases to 0.3°"" at the aoth vi 
bration after which it remains practically constant to the 3Sth, Beyond 
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the 38th, that is, from the beginning of the /, the amplitude rapidly in- 
creases from 0.3°*" to 0.7°"" at the 50th vibration; thereafter it slowly 
sinks, becoming 0.3"'" at the 60th vibration and 0.2°"* at the 80th, o.i°" 




at tiie 88th and o at the 96th. The vibrations of the / just beyond the 
5otiif or the maximum of the /', are shown in Fig. 1 3 ; in this Rgure two 
of the large vibrations belong to one cord vibration. 
The maximum for the /is 2^ times that for the a. 
Ending. — ^The word ai ends by a gradual cessation of the expiratory 
impulse with hardly a noticeable change in the tension of the vocal cords ; 
this is the clear ending usual in English. The slight fall in pitch of the 
/ toward the end indicates a change that may be apparent in the auditory 
effect of the word, although it cannot be distinguished separately. It is 
probably due to a relaxation of the cords. 

Relation between curve and color, — To the ear the sound of this word 
y^ appears from the record ** colorless, without emotion, without inflec- 
tional rise or fall within the word, a monotone'* (O.) ; ** a mild state- 
rn«t" (E. W. S.). 

The mildness of this word seems related to its length and its gradual 
c^ Irianges in pitch and intensity. 

ai in the word / (second example). 

The second case of the word / occurs in the sentence / killed Cock 
-^^4>bin, 

The complete reproduction of the curve is given in Fig. 16. The first 
^ve puffs are shown enlarged in the drawing. Fig. 17. 

This word occupies an interval of 334*^. It is preceded by a silent in- 
terval of 420*', or nearly half a second ; this considerable interval would 
indicate a full stop. The words With my boiv and arroiu seem therefore 
in the thought of the speaker to belong to the previous /. The thought 
seems best indicated by a period after arrow ; thus, /, said the sparrow ^ 
Ufith my bow and arrow. I killed, etc. This second / is followed by 



an interval of abotit 135" before any trace of the following soimr! can I 
be found . 



The first Cive vibra- 



£ei,-jiinin/:. Similar lo thai of the 1st /, 
tions are shown in the drawing, Fig. 17. 

I'iu/i. — beginning with a period of 12", the cord tone changes steadltf 
through 9, 8, 8, 7, 7. 6, 6, 6. 6, 5, 5, 5, 5, 5, 5, 5, 4. 4, , 
etc., to the 48th vibration after which it slowly falls lo 4.4' at the 7olh, 
The course of the pitch-change is sho«-n in Fig, 18 ; the plotting is done 
in the manner described for Fig. 



Formation. — ^The formation of the a is apparently the same as ii 
preceding case ; the secondaries indicate a resonance tone of 1000, as in I 

Fig, 10. At the distance of 3 %" beyond the Ijeginning of the vibration f 
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ftthere [s another large oscillation markedly greater than the other second- 
iries, ss shown in tlie drawing Fig, 18. This large secondary keeps 
I the same lime behind the primarj'. As the pitch of the cord tone 
, ihc primary resonance vibrations come closer together; ihe large 
:ondary, being ataconstant interval behind the preceding primary, thus 
!s steadily closer to the following primary until it disappears in it. A 
tawUi£ of two such vibrations is given in Fig. 19. 




1 do not believe that this larger secondary is due to an overtone- vibra- 

^wi of the cords. A stretched string or a reed may vibrate primarily as a 

liolc, secondarily in halves, thirds, and so forth, producing the funda- 

■ental tone and its overtones. As the tension of the string or reed is in- 

^eascd, the fundamental tone rises in pitch and its overtones must do so 

likewise. For example, a siring or a reed that vibrates in halves in ad- 

liOD to its fundamental vibration, will continue to vibrate in halves as 

e tension is changed. The curves for this vowel do not represent such 

vibration. The strong secondary keeps at the same distance after the 

preceding primary while the distance to the following primary steadily 

decreases. 

Two explanations of this phenomenon may be proposed. 

It might be suggested that the primary and the strong secondary may 

Rpresenl two waves of a lower resonance while the primary and the other 

liecondarles represent the waves of a higher resonance ; this resonance 

1 have a period of 3;.4 or a frequency of about 286. The note 

wrrcsponding to this tone is shown In Fig. 9. It would require a rather 

■rge cavity to resonate to such a low tone. Such a cavity may perhaps 

e from the pharynx and mouth acting as a single resonator of great 

Jj. There would then be at least three tones present in the <t : the 

g cord tone, the lower resonance tone of zSG, which finally coincides 

h the cord tone, and the higher resonance tone of 1000. 

Another explanation that may at least be considered is that the strong 

Kondary arises from a flap-like action of the cords. The closure of the 

■OSS the air-current brings about a vibration of the edges, pro- 

HUcing a tone whose pitch depends upon the tension of the edges. The 

9 can be assumed to vibrate as wholes in the manner of stretched 
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strings. As the tension is increased, the pitch rises. In addition to this 
the tissue stretching from the edges to the walls may also vibrate in uni- 
son with the edges, but just as in the case of a piece of cloth attached to 
a string, it may be assumed to execute an additional flap owing to the 
first impulse being reflected from the further walls to which the membrane 
is attached. If we assume that the tension of this tissue (Musculus 
thyreo-arytenoideus) remains constant during the vowel, this membran- 
ous flap would be independent of the tension of the cords and would follow 
it at a constant interval. This flap would impress itself with the air cur- 
rent and thus produce a stronger resonance vibration at a constant in- 
terval after the primary resonance vibration. On the assumption that 
the regular repetition of a sound produces a tone, the large secondary 
would combine with the preceding primary to produce a tone with a 
period of 3.5'' or a frequency of about 286. Likewise it would combine 
with the following primary to produce a tone of changing pitch ; this 
tone would start with a period of 5.6*^ or a frequency of about 178 and 
rise steadily in pitch till it disappeared. 

The lowering of the resonance tone can be clearly seen at the 12th 
vibration just as at the 31st in the preceding case, although it may pos- 
sibly begin earlier ; it is finished at the 28th. Thus, 80*^ can be assigned 
as the time occupied by the a, ^oi' by the glide and 184 ''by the /. 

The resonance tone of the / has a period of i.S'' or 

I J [; ^ ZI3 a frequency of about 555 ; this is approximately the note 

|\y I -—1 shown in Fig. 20. 



Fig. 20. The smaller vibrations are also present as mentioned on 

p. 20. 

The changes of the three tones in this vowel are indicated in Fig. 2 1 . 

Amplitude. — ^The maximum amplitude in the first vibration is less than 
o. i°° ; it increases steadily to 0.4°"" at the end of the a. 

Beyond the 25th vibration the amplitude 
begins to increase ; it reaches a maximum of 
0.6"°* at the 31st vibration. Thereafter it 
decreases rather rapidly, becoming 0.2°*" at 
the 45th vibration and fading away gradually 
to o after the 75th. If the vibrations from 
the 1 2 th to the 30th are to be considered as 
the glide, the maximum occurs just after the 
beginning of the /. y^^ 21. 

The / is thus weaker throughout than in the ^^^^ resonance tone. 

previous case ; its maximum amplitude is also Lower resonance tone. 

slightly less. Owing to the loudness of the Cord tone. 



^^^ — 
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a, the maximum amplitude of the ; in this case is only i }^ times that of 
the a. 

The course of change in amplitude is shown in Fig. 2 2 ; the plotting 
is done in the manner described for Fig. 15. 




iOO 



Fig. 22. 



Ending, — Similar to that of the ist /, p. 21. 

Relation between curve and color, — To the ear this /is ** shorter than 
^^e 1st /; more emphatic'* (O.); **the word is spoken emphatically 
and boldly'' (E. W. S.). 

The emphatic character of the word may arise from its shortness, the 

loudness of the «, the quick fall of the ;, or from other causes not de- 

^ciTnined. 

ai in the word / (third example). 

The third example of /occurs in the words /, said the fly. 
This word occupies an interval of 598*^. It is preceded by a long 
^*^ent interval of 560'', or over 3^ of a second, indicating the full stop 
^fter the question has been asked. It is followed by a silent interval of 
^Oo*', or ^ of a second, indicated in print by a comma. 

beginning, — The first strong resonance vibration is preceded by 4 very 
^Uiall secondaries, Fig. 23. This would indicate that the expiration be- 




FiG. 23. 

gan before the cords had closed for their first explosion but that the 

mouth was already in position for the vowel. Such a brief passage of 

air through the mouth before the cords began to vibrate would cause the 

resonance tone to be heard for a brief instant before the cord tone began. 

In this case the resonance lone began 4 thousandths of a second before 

the cord tone. This can hardly be considered as an extremely brief 
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aspirate, or h; the time is too short, 5'*', for any perception of the sound 
distinct from the rest of the vowel. 

It is quite possible that this manner of beginning a vowel may be that 
called by Ellis and Sweet a ** gradual glottid** and by Sievers a 
* ' lightly breathed beginning. " * * In this the cord opening passes through 
the positions for toneless breath and whispering before the cord tone be- 
gins, whereas the really strong impulse of expiration begins only at the 
moment when the voice itself sounds.*'* 

Pitch, — Beginning with a period of 7.7*^(131 vibrations per second) it 
rises to 7*^ at the 8th vibration to 6^ at the 13th, to 5*^ (200 vibrations) 

JOO- 

zoo- 

100' 



too 
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300 

Fig. 24. 
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at the 20th, slowly to 3.8°^ (250 vibrations) at the 40th after which it 
remains constant to the 70th. Thereafter it falls slowly to 4.2*'' at the 
end. The course of change in pitch is shown in Fig. 24, which is 
plotted in the manner described for Fig. 6. 

Formation. — The primary and secondary resonance vibrations are 
present in the dJ as in the previous cases but the secondary vibrations are 
relatively stronger in this case. This would indicate a more gradual 
opening of the cords ; not so much of the energy of the puff is expended 
at the start, and some of it is reserved to carry the reasonance longer. 
There is no silent interval within the puff. 

In the greater part of the curve the secondary vibrations in the a differ 
in form from those of the previous cases. They take a form that would 
indicate a series of partial tones differing from each other in phase by ^4 
as shown in the drawing. Fig. 25. 

Some of the curves for the other cases of / appear of the simple pen- 
dular harmonic form, but many of them show tendencies toward forms 
with the overtones differing in phase by ^. Those that resemble the 
cases of difference by o and ^ cannot be distinguished from simple cur\'es 
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The changes in the tones of this vowel are indicated in Fig. 27. 

Amplitude, — The amplitude of the maximum resonance vibration in 
the a is less than o. 1"° in the first vibratioo ; it gradually increases to 
0.4"" and remains constant to the end of the a and through the glide. 

After the glide the amplitude rises with moderate rapidity to 0.6"^ at 
the 6 2d vibration. Thereafter the amplitude falls more evenly and slowly 
to o than in the second example. 

The course of change in amplitude is indicated in Fig. 28 ; the plot- 
ting is done in the manner described for Fig. 15. 

/«- 
f- 

i- 

4 



^< 



100 



Fig. 28. 
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The amplitude of the a in this example closely resembles that in the 
2d example ; the / is also similar but its rise is more gradual and its fall 
more sudden. The amplitude throughout this example is a trifle less than 
in the first one. The maximum for the /is i J^ times that for the a. 

Ending, — As on p. 21. 

Relation betiueen curiae and color. — To the ear this / is ** like the 2d 
but longer ; a little more self-assertive ** (O.) ; ** spoken rather emphat- 
ically ; like the 2d example rather than the first'* (E. W. S. ). 

The maintenance of the pitch of the ; may have something to do with 
this assertiveness. 

ai in the word / (fourth example). 

The fourth occurrence of /is in the line I saw him die. It occupies 
an interval of 35C ; the word is thus shorter than any of the previous 
examples. 

It is preceded by a silent interval of 165*^, which is shorter than 
the similar interval before / killed. The speaker evidently feels that 
the words With my little eye belong to the following words / saw 
in making a sentence ; thus no mark of punctuation should be placed 
after the word eye. This view is supported by the existence of a pause 
of 38 5*^ before the word With, In the previous stanza there was a 
pause of 770*^ after the words With my bow and arrow and of o (zero !) 
before them, that is, between sparrow and with. In that stanza the 
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speaker evidently felt the phrase beginning with With to belong to the 
preceding /and not to the following one. Both stanzas have been punc- 
tuated on p. 15 in accordance with these views. 

The tracing of the /is followed by a straight line for 200*^ ; this time 
includes the pause after the /and the time of the s of saw. 

Beginning, — The first primary resonance vibration of the a is preceded 
by several secondaries (see Fig. 30); the beginning thus resembles that 
of the 3d example, p. 25 
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Fig. 29. 



Pitch. — Beginning with a period of 9*^ it rises steadily through 8, 8, 7, 
7, 7, 6, 6, 6, 6, 6, 6, 6, 5, 5, 4, 4, 4, ••• 4 (at the 28th), to 3 >^ at the 
35th ; this pitch is maintained practically unchanged to the end. In 
regard to pitch also this a closely resembles that of the 2d example but 
it is throughout a little higher. Starting with a frequency of about 1 1 1 
it rises to about 286 and maintains this. The course of change in pitch 
is shown \n Fig. 29, which is plotted in the manner described for Fig. 6. 

Formation, — The first three vibrations are shown in the drawing Fig. 
30. The motion of the cords is seen to be free and gradual as in the 




Fig. 30. 

^Wrd example, p. 26 and Fig. 23. The resonance vibrations in the a 
resemble those in the 2d example in having one of the secondaries stronger 
^han the others. This secondary maintains its place in respect to the pre- 
ceding primary resonance vibration with about 3.5*^ between them. As 
Ae puffs come more rapidly, the primaries come more closely in succes- 
sion, cutting off the secondaries at the end in the usual way (p. 17). 
Thus the larger secondary comes steadily nearer to the following primary 
while maintaining its constant distance from the preceding primary. 
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If the primary resonance vibration and the strong secondary following 
it indicate a tone, the period of the tone will be about 3.5'' and the fre- 
quency about 286. If a tone is to be considered as being formed by the 
interval from the strong secondary to the following primary, it would 
begin at about 4.5*^, or a frequency of 220, and would rise in pilch till it 
is extinguished. In this respect this a closely resembles that in the 2d 
example of / (p. 23). 

It is peculiar to this / that the cord tone rises during the a to the pitch of 
the lower resonance tone 286 and that the ; keeps this pitch for the cord 
tone. 

The upper resonance tone of the a has at the start a period of a little over 
I*' or a frequency a little less than 1000. The lowering of the resonance 

tone may begin at the start but it cannot be 
detected until about the 30th vibration, owing 
possibly to the unusual complexity of the curve 
in this case. Shortly before the 40th vibra- 
\.^ tion it reaches 1.5*^, and at about the 48th 

1.8*^. Around the 50th it reaches 2.1'', at 

the 65th about 2.5*^; after this there is 
scarcely any fall to the end. 



iOA 



^^^' 3'* The changes in the tones of this vowel are 

^PP^'^ resonance tone. indicated in Fig. 31. 

Lower resonance tone. . ./•, » rr«L • i-^ j • 

^ , , Amplitude. — The maximum amplitude m 
Cord tone. ^ ^ 

the first vibration is less than 0.1"""; it in- 
creases rapidly to 0.3 in the 6th vibration, reaches 0.4J4 at the 17th, 
decreases to 0.2^/^ at the 28th and remains with no noticeable variation 
from this till the 35th. In all 
previous cases the a has steadily 
increased in intensity; here we 
have a rise and a fall. 

In the / the amplitude rises 
quickly from 0.3 to 0.7 at the 42d 
vibration of the word ( 7th of the 
/ ) after which it sinks quickly to 
0.3 at the 45th and thereafter 
more slowly to the end. Such a 

cjuick fall of intensity is not found in any of the preceding cases of /'. The 
loud part of the / is shorter than in the previous cases. The maximum am- 
plitude is reached at its 13th vibration, where it is i ^ times that of the a. 

The course of the change in amplitude is given in Fig. 32, which is 
plotted in the manner described for Fig. 15. 
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Ending, — The / ends with a steady fall in intensity without noticeable 
change in pitch. 

Relation between curve and color, — To the ear the word seems to be 
spoken "like the 3d/" (O.) ; *' triumphantly '' (E. W. S.). The 
emphatic or triumphant character of the word may be due to its shortness. 
The high pitch of the word and the relation of tones arising from the 
strong secondary may also be elements tending to make the word emphatic. 

ai in the word / (further examples). 

Nine further cases of / were studied, making thirteen in all. In gen- 
eral the fundamental characteristics of the four cases already considered 
were found in all the rest. Some peculiarities, however, are to be noted. 

Sometimes the first vibration of the a is shorter than the following one. 
This occurs, for example, in I^ II make his shroud j and I ^ II be the parson. 
In the former case the periods are 9.8'', 11.6*^, 10. 9*^, 9.8'*', etc., and in 
the latter 8.1'', 10.5', 9.8', %,S'', 8.8', 8.1', etc. The cords seem to 
receive an excess of tension before the breath begins and to be then re- 
laxed to the tension desired. This suggests the possibility that in all 
cases of / the tension of the cords may be made greater than desired and 
that it is adjusted by relaxation before the breathing begins. There are 
two ways of reaching an adjustment of any muscular force, one by in- 
creasing the force upward until it reaches the proper point and the other 
by making an excessive increase and then relaxing. This latter method is 
familiar in many activities. I merely suggest its possibility in speech ; I 
see no reason for supposing it to be the method employed in the cases of 
/that do not show it in the records. 

Another peculiarity lies in the ending. Most cases of / in / fade 
slowly away in intensity while a slight fall in pitch takes place. In the 
C3se of / in / caught his blood, the vibrations reach a maximum in the 
early part of the / as usual and thereafter decrease in amplitude ; but in- 
stead of steadily decreasing to zero they are rather suddenly cut off at a 
point 56*^ beyond the maximum, at which point the amplitude is about 
i that of the maximum. Beyond this point there are still some faint 
vibrations in the tracing during a time of about lo*', after which the 
tracing is straight. The straight tracing represents the ^-sound in the 
^ord caught; the faint vibrations correspond to the glide during which 
the cords are still vibrating but the mouth is changing from the /-position 
to the >6-position. The condition seems to correspond to what may be 
called a ** sharp cut off ** to the vowel (Kudelka : ** stark geschnittener 
.\ccent '") in contrast with the " fading end" to the cases of / above. 

*SiEVERS, GrundzUge der Phonetik^ 4. Aufl., 204 Leipzig 1893. 
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In the case of / in 77/ make his shroud there is also no fading away ; / 
passes into 7/ and 7/ into m without any break, although a fluctuation in 
amplitude takes place. 

In one case the fall of the upper resonance tone appears to take place 
from the very beginning of the word ; the resonance tone is thus steadily 
falling while the cord tone is steadily rising. This occurs in the a of /in 
/, said the fish. The period of the resonance tone begins with 1.4*', reaches 
1,^^ at about the loth vibration, i.S'' at the 40th vibration and then re- 
mains constant to the end of the word. The typical a form is lost in the 
curve at this point, namely the 40th vibration, or 228'' after the begin- 
ning ; the typical / form appears clearly after the 45th vibration, justify- 
ing us presumably in assigning 19*^ to the glide and 240*^ to the /. 

ai in the word / (prose example). 

This occurs in the words may, I can say, be summed up in a very few 
words of the prose speech given on p. 15. 

It occupies an interval of 354*^. It is preceded by a silent interval of 
not over i6<' ; the preceding sound is ay of may which fades away slowly 
and may occupy in extreme faintness some of this interval. It is fol- 
lowed by a line showing no vibrations through an interval of 70^^; this 
represents undoubtedly the gutteral k in the word can which seems to fol- 
low the /without pause as in the case mentioned on p. 31, yet the k does 
not cut off the / suddenly in this case as is shown by a study of the am- 
plitude (p. 34 and Fig. 40). 

Beginning. — Very faint but apparently clear, as on p. 16. 

Pitch. — The successive periods are 9.8, 8.4, 7.0, 6.7, 6.0, 6.0, 6.3, 
6.0, 6.0, 6.0, 6.0, 6.3, 6.7, 6.7, 6.7, 6.7, 6.3, 6.3, 6.3, 5.6 at the 20th 
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vibration ; after this the period remains constant at 5.6*^ to the 68th vi- 
bration at the end of the word. This is indicated in Fig. 33, which is 
plotted in the manner described for Fig. 6. 
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Formation, — In general the curve resembles those with the strong sec- 
ondary but with the difference that this secondary occurs at a smaller 
interval, a.S'', after the primary. As the primary has a period of i .o^', this 
produces the peculiar curve of which one vibration, is shown in the 
drawing. Fig. 34. This secondary is almost as 
strong as the primary in the early part of the df, 
but is lost sight of at a later point in the curve, 
possibly by coming into some relation to the upper 
resonance tone. ^^^* ^^' 

This difference from the previous cases would indicate some difference 
in the resonance adjustment of the mouth or in the action of the cords ; 
it may possibly have something to do with the parenthetical character of 
the phrase. 

The tone represented by the interval between the strong secondary 
and the preceding primary is constant at 2.8*^ or about 360, or approxi- 
mately the note shown in Fig. 35. The resonance tone of the a starts 
at i.o* or 1000, as in the first example, p. 18, being indicated approx- 
imately in Fig. 10. 

At about the 17 th cord vibration the resonance tone 
begins to fall in pitch. As its period becomes longer, it 
more nearly coincides with the period between the strong 




Fig. 35. 



secondary and the preceding primary ; the curve becomes smoother and 
loses the little notch after the primary. The 20th vibration is shown 
in the drawing, Fig. 36. The resonance tone continues 
to feu slowly but steadily to the end of the /, reaching 
^•S' or about 360 at the end ; this is, curiously enough, 
^^e pitch of the lower resonance tone of the a (Fig. 35). 
^^e curve at the point where the / has fallen greatly in 
^plitude and the period of the resonance vibration is 
somewhat less than half that of the cord vibration is shown in the draw- 
^°&' rig. 37. 




Fig. 36. 




Fig. 37. 

We are perhaps justified in placing the end of the a at the point where 
"^^ resonance tone begins to fall, that is, at the 17th cord vibration ; this 
would give ^ a length of 1 16*^. 

The vowel / thus continues the constant pitch of the a and also the 
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drop of the resonance tone in the glide. It is thus quite impossible to 
assign any limit between the glide and the /. Even the peculiar increase 
in amplitude that characterizes all the previous cases of / in / is here so 
gradual that it cannot be used to mark the limit (see Fig. 40). 

The remarkable fall of the resonance tone from 
i.o<^, or 1000, in the a throughout the / to its end 
at 2.8"^, or 360, at the end, extends over about the 
musical interval of a duodecime, or approximately 
as indicated in Fig. 38. 
The changes in the three tones of the / are 
indicated in Fig. 39. 

Amplitude. — The amplitude increases rather 
steadily at first, then rapidly in the early part 
of the / and falls rather more rapidly than 
usual to the end. This is indicated in Fig. 
40, which is plotted in the manner described 
for Fig. 15. The maximum amplitude for 
the ; is about i ^2 times that for the a. 

Ending. — A fall of amplitude to o without 
any fall in pitch of the cord tone, as in the 
4th example, p. 31. 

Relation between curiae and color. — To the ear this word is ** colorless, 
unemphatic" (O.); ''short, high, colorless, firm, a statement of no par- 
ticular importance ' * (E. W. S. ). It seems impossible to find any relation 



Fig. 39. 
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between these judgments and the recorded curve. Shortness was noted 
above (p. 31) as connected with emphasis; the unemphatic / (first ex- 
ample) was long and had a different curve of pitch. The very peculiar 
change in the resonance tone may by future collation with similar cases 
be found to be connected with the color of the word. 

ai in the word eye. 

The word occurs in the line With my little eye, A reproduction of the 



Resfarches in exper^uniS^nSwnetT 



v-t is given in Fig. 41 ; the first few vibrations of tlie 
Btisfaciorily shown in the rut. 




It occupies an interval 556'. It follows immediaiely OQ the last vi- 

lotion of the / in the word Utt/e. The three words my Utile eye are 

"e spoken with no separation. It is interesting, in glassing, to consider 

' poasibility that this fusion of the three words go parallel to a 

■ion of thought. It is evident from the very tone of the speaker that 

> thinking of one thing, a certain eye, and that the facts of mine and 

^finest are not of any particular account to him. 

lie word eye is followed by a pause of 165' before the word / ( see 

which docs not seem sufficient to justify a comma. 

Vrginiiiiig. — The faint vibrations of / in /iltle die away just before the 

primary resonance vibration of eye api>ears. The a begins as in 

X example, p. 16. 

P*VfA. — The vibrations of the preceding / decrease in amplitude until 

I line shows only a faint wavering. The first indication of n is a single 

onancc vibration on the line ; this is repeated after 2.5', and again 

3,9'. From this point the a curve clearly apjiears. It slowly falls 

tch to a period of 4.2" at the ioth vibration, 4,6' at the 4olh, 4.9* 

e solh, 5.3° at the 54lh, 5.6* at the 6oih, 0.3" at the 66ih, fl,;' at 

e~oth«nd 7.0" at the 73d. From this point onward the pitch continues 

8 Wl slowly, reaching 8.4" at the 80th vibration and ending with about 
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In pitch this at differs radically from all the other examples ; it starts 
with a moderately high pitch and falls continuously. The course of the 
change in pitch is indicated in Fig. 42, plotted in the manner described 
for Fig. 6. 
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There is the possibility that the fall in pitch in this word may have 
something to do with its position at the end of a phrase. If the word 
had been followed by a long pause, it would naturally have fallen on ac- 
count of its position at the end of a sentence ; the pause, however, was 
extremely short and we cannot very well assume a short pause as the 
equivalent of a period unless we give up the accepted theory of relation 
between punctuation and time. It is, nevertheless, possible that this 
theory may have to be modified as later researches have shown that comma 
pauses may be long and semi -colon and colon pauses may be very short. 
I am inclined to think, however, that the true explanation is to be found 
by supposing the at in eye to be a phonetically different sound from the 
at in /, although the ear may not clearly distinguish between them. 
This point will be spoken of below in the section on general observations 
on at. 

Formation, — In the portion from the beginning to the 43d cord vibra- 
tion the formation resembles that of the 2d and the prose examples 

of / in having a large secondary resonance vibration 
at a constant distance after the beginning of the primary 
one ; this constant distance represents a period of 2.3*^ or 
a frequency of 435 (indicated in. Fig. 43) as contrasted 
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with the period of 3.5*^ (frequency of 286, Fig. 9) for the former and 
2.8*^ (frequency of 360, Fig. 35) for the latter. After the 43d vibration 
there is a change in the curve indicating a change in this large second- 
ary ; apparently it decreases and disappears but I have not been able to 
decide with any confidence just what happens. After the 43d vibration 
the curve resembles that shown in Fig. 25. 
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The resonance tone of the a has a period of about i*' or a frequency of 
about 1000 (Fig. 10). At about the 40th cord vibration the period 
begins to lengthen, becoming i.S*' at the 63d, 2. i^' at about the 77th, dfter 
which it continues to fall slowly to 2.5*^ at the end. The resonance tone 
of the / is thus on an average about the same as the lower resonance tone 
of the a (Fig. 43). 

In spite of the fact that the fall in resonance begins at about the 40th 
vibration, the curve maintains its typical a form till after the 70th 
vibration. Beyond this point there is a decided difference, which is 
fairly well apparent in Fig. 41. The primary resonance vibration is of 
about the same amplitude as that of the a but the secondaries are all 
nearly as large as the primary. Such a difference might possibly be ex- 
plained by a difference in the action of the vocal cords. The following 
theory is proposed. In the a they vibrate so that the air current is 
entirely cut off at one point in each vibration ; the pressure of the air 
forces them outward suddenly, producing a strong puff after which there 
is an interval before the cords again strike and cut off the air. This 
puff sets the air in the resonance chamber into vibrations that decrease 
in amplitude. As long as this complete closure occurs, any increase in 
the force of expiration will increase the force of the puff and of the pri- 
mary and secondary resonance vibrations in approximately the same 
ratios. Increased force will change the amplitudes without essentially 
modifying the original form of the curve. 

During the / there is no such great predominance of one resonance vi- 
bration over the others; the secondary resonance vibrations are nearly 
3« strong as the primary. This is the case also in all the examples of ai 
st:udied above, but here it is very striking on account of the fact that 
le cord period for the ; is longer and not shorter than that for the a ; 
lere can thus be no attempt at explanation of the strength of the sec- 
^^ndaries by the assumption of force gained by the shortening of the cord 
Period. The explanation rather seems to lie in a different action of the 
^^crds. The following theory is suggested. In the formation of this / 
"^Jie cords do not strike or entirely close the air passage and thus the 
^mission of air at the beginning is strong and steady rather than explosive ; 
the first r^onance vibration would thus be somewhat stronger than the 
following ones but all would be nearly alike. The increased force in the 
i would make all of them nearly as strong as the primary of the a as in 
this word, or even far stronger than in the cases of / studied above. 

The changes within this word are so gradual that any assignment of 
definite limits for the a and the / would be apparently capricious. The 
distinct a character appears to my eye to be lost somewhere after the 66th 
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vibration and the distinct / character to begin somewhere about the 7 2d. 
If these points are selected as limits — an action that is hardly justifiable 
— the a would occupy an interval of siS'', the glide 35' and the / 206*. 

The a is at any rate longer than the /, 
in quite a marked opposition to the cases 
analvzed above. 

The changes of the three tones in the / 
are indicated in Fig. 44. 

Amplitude, — ^The a rises from «aro as 
usual to an amplitude of 0.5"^ at the 17th 
vibration and remains practically con- 
stant to about the 66th vibration^ after 
which there is a slow decrease to zero at 
the end. There is not the rapid increase 
to a maximum in the / found in the cases 
of /studied above. The maximum for the ; is somewhat less than that 
for the a. The course of the change is indicated in Fig. 45, which is 
plotted in the manner described for Fig. 15. 

10- 

9- 

6- 



Fig. 44. 

Upper resonance tone. 

Lower resonance tone. 

Cord tone. 
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Fig. 45. 



i,c 



^00 



roe 



Sli 



Eyuiing. — This occurs by a fall of the amplitude to zero. 

Relation between curiae and color. — The ear notices that this word ap- 
pears ''weaker than the preceding /*s and also than the cases of die ; 
lower in pitch ** (O.); ''somewhat higher in pitch than most of the /'s 
but not so high as the immediately following 1 ; a somewhat colorless and 
unimportant word, differing quite from the modulated, flexible fly just 
preceding *' (E. W. S. ). The weakness of the word seems related to the 
falling pitch and the weakness of the /. The words die and fly are 
considered below. To the ear there is no essential difference between 
the ai in /and that in eye^ yet the speaker makes a difference as indicated 
by the curves of results for pitch and amplitude. 

ai in the word die (first example). 

This occurs in the phrase Who saw him die ? The word occupies an 
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the time required for the vibrations of the . 
mouth is changing from the ti position to tl 
seem sufficient to e;i|iUiin the cune of chai 




At the same time the 
[ position. These facts 
the drawing. Fig. 47 ; 



the three vibrations on the left are the last of the d, the strong one on the 
right is the primary resonance vibration of the first puff of the a and 
the connecting line shows the curve during the glide. 

Pitch. — The successive periods of the cord vibrations are 2.8,3.1, 
4-9. 56. 5-3' 4-6, 4-4, 4-^, 4-2, 42> 4-2. 4-». 4-i. 4->. 4o. 4o, 4.0, 
3-9- 39. 3-9. 3-9. 3-9. 3-9> 3-9. 3-9. 3-9. 3-9. 3-9. 4-1. 4-1, 4-s, 4-3. 
4-1- 4-3. 43. 4-3< 4-4. 4-4, 4-5- 4-5. 4-6. 4-6, 4-6. 4-6, 4-6. 47. 4-7. 
4-7. 4-7. 4-8, 4-9. 5-0. 5-1. 5-3. S-3. 5-3. 5-3- S-3. 5-3. S-S. 5-7. 5-9. 
6.0. 6.1, 6.3, 6,5, 6.7, 7.0, 7. a, 7.4, 7.4, 7.5, 7.6, 7.7, 8.1, 8.4. 8.8, 
S.9, 9.1. 9.5, 9.8, 10.5, 10.9, II. a, H.3, 13.0. These figures may be 
o. I* either side of the correct values as, owing 10 instrumental difficul- 
ties, the curves could not be read to a smaller unit than o. i"'". . 

The pitch thus quickly descends from the tone of 500 vibrations for the 
rfto one of 179, then ascends to one of J57 and then again descends 
slowly to the very low one of 77. These changes are shown in Fig. 48, 
which is plotted like Fig, 6. 



Formation. — The a porltoi 
ample, p. 17. The n 



of the curve resembles that of /, isl ex- , 
vibration in the first part has & period of J 



Researches in experimental phonetics. 



41 



I'' or a frequency of 1000, as in the first /, p. 18, Fig. 10. At about the 
40th cord vibration it is lengthened to 1.4*^, at the 55th to 1.6*', at the 
58th to 1.8*^; after this it changes slowly reaching 2.1*^ at the 75th and 
increasing but little more to the end at the 86th. 

At about the 5 2d vibration the curve, while still retaining the a form, 
appears to begin to take on the / character as described on p.19 ; the / 
character appears fairly complete at about the 57th vibration. Although 
no definite limits are to be made, we can assign very roughly 240*^ to 
the a and 220*' to the /*, or about half of the time to each. 

No trace of a strong secondary resonance vibration in the a portion 
can be detected. The a starts at a pitch too high for the lower reso- 
nance tone found in the previous cases, but even after the pitch has fallen 
this tone seems to be absent. 

A rather peculiar distribution of amplitude among the resonance vibra- 
tions can be seen in the a portion in 
Fig. 46. Although the puff for the 
cords is strong and sudden, as indicated 
by the large abrupt primary resonance, 
yet the force of the puff is not so quickly 
exhausted as in previous cases, as indi- 
cated by the greater size of the follow- 
ing resonance vibrations. The second 
case of die (below) resembles this one 
in this respect. 

The changes in pitch of the two 
tones of this ai are indicated in Fig. 49. 

Amplitude.— The vibration begins with an amplitude of 0.3""" for the 
primary resonance vibration which becomes 0.4"'° at about the 35th vi- 
bration ; it sinks thereafter very slowly to zero at the end. The maximum 
amplitude is thus found in the a and there is no such sudden rise as is 
found in all the cases of / above. The course of change is indicated in 
% 50 plotted like Fig. 15. 



Fic;. 49- 
Resonance tone. 

Cord tone. 
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—The /ends wilha fall in both pitch and amplitude, indicatin 
simultaneous relaxation of the cords and the respiratory pressure. 

Rtlation hehoeen cun'C and color. — The effect on the ear is that of ' ' 
emphasis al the beginning with decrease toward the end " (O, and E. ' 
S. ) . The high pitch of the d and the a at the start seem lo correspoiK 
to the word -color. 

ai in the word dU (2d exanijile). 

This occurs in the phrase / Sino him die. The entire word occupies a 
interval of 504', of which 28" can be assigned lo the d and 476' to ll 

ai. The entire curve is reproduced in Fij;. t;i. 



Bfginning. — The word begins with 1 1 vibrations rapidly increasing ii 
amplitude from o lo 0.4°' and having a constant period of 3.5", or fr&; 
quency of 400. These are the vibrations for the d : they resemble thoeo 
oi die, 1st example, p. 39. 

The sudden fall in pitch alter the d is quite marked. The d curve ii 

lost at once. The following intenal of 7" can hardly be said to be th( 

fit^t vibration of « as its secondaries are very irregular in form ; during 

this interval the mouth is changing from the d shape to the a shape. The 

peculiar form of the vibration is well shown in Fig. 51 ; the secondariei 

of the first few a vibrations are, however, slightly more prominent thai 

in the original curi'e. 

Piteh. — The successive vibrations of «(' occupy periods measuring 8.4, 

I 7.7, 4-6. 4-2. 4-J. 4-6, 4-6, 4-6. 4-6. 4-6, 4.6. 4-6. 49. S-3. 5-3. SI 

M-9. 4-9. 5-3. S-3. S-3. S-3. 5-3. S-3. 5-3> 53. 5-^. S^. S-6. 6.0, 6.e 

' 6-3. 6-7. 6-3. 6.0, 6.3, 6.5. 6.7, 7.0, 7,0, 7,0. 7.0, 7,4, 7-7' 7-7. 7-7i 
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8.4, 8.4, 8.4, 9.0, 9.5, 10.5, 10.5, 10.5, II. 2, II. 6, 12.3, 12.3, 12.3, 
13.0, 14.0, 14.0, 14.7, 15.8, 15.8, 15.8,?. As previously explained 
p. 13, these figures may be in error by one or two tenths of a sigma, or in 
ten-thousandths of a second. The pitch of the cord tone thus descends 
as low as a frequency of 63. The general course of pitch is shown in 
Fig. 52 plotted like Fig. 6. 

600-- • 

JOO- 

zoo- 



too 



\oo 



300 



•yoo 



SOQ 



Fig. 52. 



Surtmaiiim. — ^The a curve differs from that of most cases of ai in hav- 
ing Joi difference between the first resonance vibration and the rest ; 
die ifalt and second are, in fact, of almost equal intensity. This would 
"rftntfl^ a more gradual opening of the cords with less explosive effect. 
Theif thus does not differ so much from the / as in most cases. Another 
cue of / like this is found in the first ex- 
ample of die (above) and in thy (below). 
The resonance vibration in the a has a 

period of I* or a frequency of 1000 at 

the start (Fig. 10). It falls steadily, 

reaching a f>eriod of 1.4*^ around the 

20th vibration, i.8<^ around the 40th, 

and 2.1*" around the 6oth, which is 

maintained to the end. There is no 

indication of a lower resonance tone. 
The curve changes from the a form so 

gradually to the / form that it is quite 

impossible to place any dividing lines ; each element of the diphthong 

may be said roughly to occupy half the total time. 
The changes of the two tones are indicated in Fig. 53. 
Amplitude. — ^The amplitude of the strongest resonance vibration be- 
gins at 0.3 and is maintained with fair consistency for about half the ai ) 

after this it slowly falls to zero. This curve is given in Fig. 54 plotted 

HkeFig. 15. 



Fic;. 53. 
Resonance tone. 
Cord tone. 



E. XV. Scripture. 

Eiiifing. — The i ends with a fall in both pitch and amplitude, i 
eating a simultaneous relaxation of the cords and the respiratory pressiin 

Relation behueen curve anil color. — To the ear "it does not rise 
high pitch but starts with it and maintains it belter than the Other 



die" (O.); "it starts high and steadily falls" (E. W. S. >. 
apparent high start is probably due to the pitch of the d. 

ai in the word fly. 

This occurs iii ihe |.hrase /. said ihe fix. The curve for /rociuj. 




interval of 489* of which zy belong presumably to the / and 464° 
the ai. The curve is given in Fig. 55. It is followed by a silent inter; 
val of 371' which is longer than the comma pauses mentioned abovt 
(p. 16) and shorter than the full stop (pages 21, 25). 
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The change from a to / proceeds in general as in all the other cases 
but the change in curve -form seems a little more marked. It may be 
said to occur at the 43d vibration, or 301*^ after the beginning and 163*^ 
before the end. 

The changes in the three tones are indicated in Fig. 59. 

Amplitude. — The a begins with an am- 
plitude of 0.2"'° for the strong resonance 
vibration in the first puff from the cords, 
0.3°"° for that in the second puff and rises 
quickly to 0.3^^°"°. After remaining fairly 
constant for a while, it becomes o. 3"°' toward 
the end of the a. In the first part of the / 
it rises to o. 4"", after which it gradually falls 
to zero at the end. The change of amplitude 
shown is in Fig. 60, which is plotted like 

Fig. 15- 
Ending. — The / ends, like most of the cases examined, in a combined 

fall in pitch and intensity. 

Relation between curve and color. — To the ear this word has a fall-aild- 

rise of intonation like that of 7uell and yes in such dubitative as Well, fm$ 

may do so if you wish, but I would prefer not. Yes, it may very well be tfU4 

altliough we have fw evidence for it (O. and E. W. S.). 



Fig. 59. 

Upper resonance tone. 

Lower resonance tone. 

Cord tone. 




The word Jiy appears to sink and then rise in intonation to a greater 
degree than the corresponding words sparrow, fish, etc. This fall- 
and-rise is due to the fall from a tone of the frequency 526 of the/ to 
one of 160 at the beginning of the a and then the rise in the a and / as 
shown in Fig. 56. Probably the reason for the rise in the / is to be 
found the rising intonation usual in English at the end of a parenthetical 
clause ;* that the clause said the fly is such a one inserted in the statement 
/, with my little eye, I saw him die seems indicated also by the fact that 
the silent interval after yfy is less than that usual for a period. If said 
the fly were not parenthetical, there would probably be a longer pause 



* Sweet, New English Grammar, \ 1946, Oxford 1898. 
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(that is, the lowering of pitch) at the start is peculiar ; it is made specially 
so because it is accompanied by a sudden rise in the pitch of the reso- 
nance tone (see below). 

Formation. — ^The vowel portion of the curve shows throughout its 
whole length a common character. This character is that of a group of 
resonance vibrations imposed on each of a series of cord vibrations. In 
the earlier portion these resonance vibrations are not of equal ampli- 
tude while in the later portion they are very nearly so. In the earlier 
portion there is a strong primary resonance vibration followed by three 
secondary resonance vibrations (making a total of four resonance vibra- 
tions) except in the first two cord periods where there are only two secon- 
daries after the primary (making a total of three). This first portion of 
the curve resembles that of an a but differs in having less difference be- 
tween the primary and the secondary resonance vibrations ; in this fact it 
resembles the typical /. 

At the 40th vibration the number of resonance vibrations has changed 
from four to three, showing a strong initial vibration followed by de- 
creasing ones with a pause before the initial vibration of the next puff. 
The typical a of the preceding examples appears here strongly. 

The / vibrations may be said to begin in the 44th with three resonance 
vibrations of almost equal strength, the initial vibration being slightly the 
stronger. 

In the latter portion there are 3 resonance vibrations to every cord 
vibration ; the curve is that of a weak / of the kind seen in eye, p. 37. 

If these vibrations just mentioned, namely the 40th and the 44th, may 
be considered as limits, the a may be said to occupy an interval of 258.3*', 
the glide an interval of 19.6 and the /an interval of 210.0*'. This 
subdivision, however, is rather a questionable procedure. 

The resonance tone in the first portion 

( --^ begins with a period of 2.1 ^^ or a frequency 

of 476 which immediately rises to 1.7*' or 

^ a frequency of about 588 in the third vibra- 
tion. The period then changes steadily to 



Fig. 62. 1.9*^ at the 40th vibration; it becomes 2.4*' 

Resonance lone. at about the 44th and remains constant to 

Cord tone. the end. The sudden rise of the resonance 

tone at the start is accompanied by an 
equally sudden fall of the cord tone (see above). It seems tnaural to 
infer that the resonance cavity of the mouth for the d must have been 
lower than that required for the a. 

There is no trace of a lower resonance tone as described on p. 23. 
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a The changes in the tones of thy are 1 

Ift^l^ J ^ sketched in Fig. 62. In general the reson- M L T ^ 
■y' ^ ance tone of the a can be said to be one of 'M^ 

Fig. 63. 588 vibrations or approximately as indicated Fig. 64. 
in Fig. 63, and that of the/ to be of 416 
vibrations or as in Fig. 64. 

Amplitude, — ^The primary resonance vibration on the first cord vibra- 
tion of the ai has an amplitude of o.ij^"". Up to about the 50th 
cord vibration the amplitude fluctuates between o.i""" and 0.2"" ; after 
that it gradually falls to zero. The fluctua- 
tions may be due to interference of the re- 
sonance vibrations. The course of amplitude 
is indicated in Fig. 65 which is a sketch and Fig. 65. 

not a careful plot like Fig. 15. 

Ending. — The word ends by a fall of intensity with maintenance of 
the cord tension (p. 31). 

Relation between mrve and color, — ^The sound of this word thy as taken 
from the record appears to the ear * * higher and shorter than the second 
example; varying more in pitch, rising rapidly at first and then falling 
(E. M. C. ) ; "high and short when compared with the second one 
(E.W. S.). 

The measured results show a shorter word of higher pitch than the 
second example. There is a slight rise at the start but no fall. The 
following word name is much lower in pitch. 

ai in the word thy (second example). 

The second example of thy occurs in the phrase Thy kingdom come, 
A reproduction of the curve is given in Fig. 66. Most of the work on 
this word has been done by Miss E. M. Comstock. 

The curve for this word shows 6 faint vibrations at the beginning. 
These belong presumably to the /// and correspond to the strong vibra- 
tions of th in the first thy, and of d in die. In contrast with the cases 
just mentioned these vibrations are so weak that little can be said about 
them definitely except that their period is 2.4^. It is just possible that 
they may belong to the first cord vibration of the a \ this is suggested by 
the fact that the period is the same as that of the resonance tone of the 
«. Although the matter is doubtful, we have assigned the beginning of 
the a to the end of these vibrations. 

The ai in this word occupies an interval of loSs^'. It is preceded by 
asilent interval of 2100'', represented by a period and including possibly 
a short time for the th. It is followed by a silent interval of 324'' which 
undoubtedly represents the gutteral k. 
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J'Uck. — Begining with a period of 11.9' the cord tone changes slowly 
eachiDg 8.4 al the loth vibration, 7.7 at the aolh, 7.4 at the 30th, an< 
r.o at the 6olh, which it maintains to the end. 

Ju/rmafiflfi.— The curve of the .1 differs from most of the cases of thi 
K studied above in regard to the resonance vibrations. The first reso 
lance vibration for each cord vibration is followed by a second cm 
learly as strong and this by a third one somewhat weaker, wherea: 
n the iirevious cases there was one resonance vibration greatly exceed 
ng ihe rt-st in amplitude. The curve suggests a more gradual opening 
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)f the cords and a less explosive effect ; the cord action in this a ma) 
X supposed to somewhat resemble that in the / as explained on p. 37 

There is no strong secondary of the kind described on p. 23. Th< 
I thus resembles the a in Jie and lAr (above) rather than that in /ii 
■howing no evidence of a strong lower resonance tone. 

The resonance vibration in the first part of the word shows a period 
1.4". It rises to 1.6 at the 20th cord vibration falls to 1.9 at the 50th, 
1.3 at the 70th, 2.5 at the golh, and 3.5 at the end. This curioui 
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rise of the resonance vibration during the a has not been observed in any 
of the previous cases. The rise and fall are so gradual that it is impos- 
sible to decide on any place as the turning point between them. For 
the same reason it is impossible to divide the word into a^ glide and /. 
In the earlier portion the typical a form is distinctly seen in the curve 
and in the latter portion the typical / form, but the main portion shows 
a gradual passage from the former to the latter. There is no sudden in- 
crease in amplitude as in nearly all the /'s studied. 

The changes in the two tones of ai are indicated in Fig. 67. It will 
be noticed that the resonance tone of the a begins on the same pit<:h ai> 
the tone of the d. 



Fic. 67. 

Resonance tone. 
Cord tone. 



An^^lU^ie. — ^The amplitude runs from ci** iu t«: ij^. y^r *A u^. 
«rofd to Oi2"" at the 30th vibration, &llf> t^ -t.i** «f. r^^, <//s,, iU 
crones to a-S"" at the 70th, maintainb thit ^ust v^ "m ^^4. ^ssiA ^*/lv 
ally fUb to zero. The change in ampliiucle a ,:wSiMSVeii ,% 1r,% ^/^ 

Bnimg*' — ^Thc sound at ends br i ^TT <^ xtia-^vit A^,, u^, rit*^,/**//f y 
premie gnulnally ceasing while tie fxx^A are still ten<u^, 

RttaHen between curve and color. — ^To the ear this word '* \\ >yf^/A/*/y5 
more mellow than the first example " (E.M.C.) ; " begins low jul/j f^t^x 
"With considerable inflection as compared with the first example * ' <' K. W > 




Fu;. 68. 

The measured results show a very long word, beginniniff ^»'/ ^/w ^.^ 
rising in pitch. 

General observations on ai. 

The ai in the cases studied above is to be con»iArfe><! mt ♦* z*^. -y 
two speech sounds, that is, as a diphthong. 

The family of sounds represented by ai contains ta^af smsiMj'/. -^^^ 
diflfcr greatly in their characters. This is true o( the MSene $f^4fS^^r <^ * 
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single occasion; the changes for different speakers and for the same 
speaker on different occasions may be left out of consideration at present. 

The first sound in ai in words like^, my^ thy^ etc., is generally stated 
to be an a (as in ah^ which inclines toward the mixed ^, that is, the 
vowel sound heard in durn and about ;^ it may even shade into the palatal 
a (as in many/at)* while in some cases it has a tendency to broadening, 
even to o {not) as in the Irish.' These statements all refer to British 
forms of pronunciation. 

The second sound in ai as in ^ is said to be a very open /', something 
between the / in kin and the e in ken,^ 

The diphthong ai cannot contain the vowel I as in keen or / as in kin. 
By holding down the tongue and lower jaw with a pencil it is not possible 
to pronounce either keen oikin, whereas there is no difficulty in saying /. 
It seems rather to be the vowel sound heard in the last syllable of foxes. 

The sounds given above as the British pronunciation of ai do not, to 
my ear, correctly represent the North Atlantic form as heard in the region 
around New York. In this speech the first sound of ai seems to be a 
somewhat short a (as in father) . Both pronunciation and curve indicate 
it to be like the a in parson, below. A similar judgment by the ear 
has been given by Grandgent.* 

In its first half the North Atlantic ai (as in /, eye) seems to resemble 
the average German ai with a distinct a ( father) sound. The second 
half seems to be different in the two cases. For the sake of comparison 
several cases of ai were examined in some records which were traced off 
with the machine described on p. lo but with a shorter recording lever. 
Various words like ein, weisser, Eisy Zeiten, Schein, etc., were closely 
studied in the tracings from Record No. 1500, Die Lorelei and Der Fich- 
tenbauniy by W. L. Elterich. When examined under the magnifying 
glass, the a portion of the record showed in most cases curves analogous 
to those in the cases of /, whereas the / portion was extremely weak. 
This peculiarity of the weak / in the German ai and the very strong / in 

I ViETOR, Elemente d. Phonetik, 3. Aufl., 95, loi, Leipzig 1894. 
Sweet, Handbook of Phonetics, 9, Oxford 1877. 
Storm, Englische Philologie, 2. Aufl., 358, Leipzig 1892. 

* Storm, Englische Philologie, 2. Aufl., 142, Leipzig 1892. 

Lloyd, Speech sounds; their nature and causation^ Phonet. Sludien, 1892 V 263; 
also a review on p. 87 of the same volume. 

3 Sweet, History of English Sounds, 21, Oxford 1888. 

* ViETOR, Elemente der Phonetik, 3. Aufl., 95, Leipzig 1894. 
Storm, Englische Philologie, 2. Aufl.. 103, 358, Leipzig 1892. 
Lloyd, Review in Phonet. Studien, 1892 V 87. 

*Grandgent, English in America, D. neueren Sprachen, 1895 II 446. 



Researches in experimental phonetics, 55 

most cases of the American ai gives the former the effect of containing a 
longer a. It must be noted, however, that many sounds usually treated 
as the same are really different. Thus the vowel in weiss in Ich weiss 
nicht was soil es bedeuten gives a curve differing greatly in character from 
that of weisser and the other words mentioned above. Again, some of the 
cases of the American ai reported above show a weakening of the / 
that indicates a tendency toward the German form. The details of the 
work now being done on the German «/ will appear on a future occasion. 

It has been pointed out that the quality of ai is different in a strongly 
accented syllable from what it is in a less accented one, as can be readily 
beard by comparing the two ai^% in likewise} This difference is perhaps 
analogous to that found to exist between / and the words eye, die, fly, 
and thy. 

The two chief sounds of ai are generally said to be joined by a rapid 
glide, which is not acoustically of much effect except to produce the 
impression of continuity.' Yet it has been asserted that such a diph- 
thong consists in an even and gradual change of the vowel from begin- 
ning to end.' The above analyses show that the ai is not the sum of the 
two vowels a and / but an organic union into a new sound ai. Thus, 
there is no necessary pause or sudden change of intensity or change in 
pitch or even change in character. The later sound shows its influence 
in the earlier one, and the earlier one keeps its influence far into the later 
one. This is what would be expected on psychological grounds. The 
speaker does not think and speak of two sounds separately but of only 
one ; the execution of this one idea by two distinct processes would be 
unusual. The various degrees of perfection of the synthesis of the two 
elements would correspond to various expressive characters of the resulting 
sound. 

The degree of synthesis of the two elements would be lessened by any 
great or sudden change in intensity, pitch or character of the cord tone 
or the resonance tone. In some of the cases of ai there are greater 
changes than in others. 

In so far as they can be considered to be constant, the resonance tones 

in these cases of the a and the / were found to be as in Table I. These 

results may be compared with those of other observers ; this is done in 

Table II. 

»Bell, Visible Speech, 113, Lx)ndon 1867. 

Sweet, Primer of Phonetics, 76, §204, Oxford 1890. 

Storm, Englische Philologie, 2. Aufl., 358, 405, 424, Leipzig 1892. 

■Lloyd, Review in Phonel. Studien, 1892 V 83. 

Storm, Englische Philologie, 2. Aufl., 204, Leipzig 1892. 

'SOAMES, Introduction to Phonetics, 53, London 1891. 
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Table I. 






a 
Lower resonance tone. 


Upper resonance tone 


ly 1st example 


286 


1000 


/, 2d ** 


286 


1000 


A 3d " 


286 


ICXX> 


/, 4th « 


286 


1000 


/ ( / caught his blood ) 


385 


1000 


/, prose example 


360 


1000 


Eye, 


435 


1000 


Die, 1st example 




1000 


Die, 2d *« 




1000 


Fly, 


256 


625 


Thy, 1st example 




588 


Thy, 2d " 


■ 


416 


/, 1st example 


I 
450 




/, 2d " 


555 




/, 3d " 


500 




/, 4th " 


400 




/, prose ** 


360 




Eye 


400 




Die, 1st example 


473 




Die, 2d " 


473 




Fly 


400 




Thy, 1st example 


416 




Thy, 2d *< 


288 





When allowance for the individualities of different speakers is made, 
the two resonance tones that I have found for the a agree quite well with 
the tones found by other observers. The serious differences among these 
observers can be partially explained on the supposition that some have 
found the lower tone and some the upper one. 

Although the / in ai is not the ordinary long /, its resonance tone shows 
some agreement with those of a few observers. The higher resonance 
tone noted by other observers was also probably present in the / but it 
was impossible to measure it in the examples studied above (p. 20). 

Particular emphasis must be laid on the fact that the tones in a vowel 
are not constant factors and that the changes they undergo from instant 
to instant are presumably highly important in producing its peculiar char- 
acter. Only two previous investigators have observed the change in the 
cord tone and no one seems to have suspected a possible change in the 
resonance tone. 
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Table IL 


a 
Lower resonance tone. 


a in 








/(E. W. S.) 


d^ 






/(E. W. S.) 


/% 


i' 




£>^(E. W. S.) 


«» 






Z?*>(E. W. S.) 








/'/j'CE. W. S.) 


fi 






^/^^(E. W. S.) 






^2 


7V(E. W. S.) 






i^»# 


a (Willis) 






^»b,/» 


a (DONDRRS) 






b^ 


a (Helmholtz) 






d^ 


a (KOENIG) 






*« 


a (AUERBACH) 






««,/', ^* 


a (Trautmann) 






/'.i'' 


a (Pipping) 






^-d^ 


a (Hermann) 






P.g^ 


a (Storm) 






c%d\/%a^ 


a (Boeke) 






/%^ 


at (Boeke) 






^ 


a (Bevier) 


^Sr 


«# 




• • 

f in 






• 


/(E. W. S.) 






/»# to i/«l^ 


^^^(E. W. S.) 






^»# 


Die (E. W. S.) 






^i> 


Fly (E. W. S.) 






^'# 


7'Ay(E. W. S.) 






a»l>, ? 


1 (Bonders) 






/» 


t (Helmholtz) 






/+d* 


1 (Koenig) 






b* 


I (Auerbach) 






r>,/i 


I (Trautmann) 






/s^ 


I (Pipping) 






\c*-d* 


t (Hermann) 






^*#-i^ 


t (Storm) 






^' 



Upper resonance tone. 

b^ 
b* 
b* 



b*^ 



'(L^^^^) {^! + ^5 



The rise of pitch in the cord tone of the vowel a has been observed by 
Boeke* to have extended over more than half a tone in words like Vader 

'BoEKK, MUroskopisthe Phonogrammstudieny Arch. f. d. ges. Physiol. (Pflilger), 
1891 L 301. 
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(Dutch). Marichelle makes the following observations on his phono- 
graph records of the vowel a sung on different notes. *' The periods corre- 
sponding to low tones are divided into two distinct parts ; the intensity 
is feebler in the second half of the period. The gradual modification 
of the character [timbre] under the influence of variations of pitch op- 
erates almost entirely at the expense of the less intense portion of the 
period ; this second half even disappears little by little.*** 

I have observed similar changes in the a of the German d and in the 
vowels u and a described below. 

It seems hardly possible at the present moment to specify the positions 
of the mouth corresponding to the resonance tones and their changes. 
Some idea of them may perhaps be obtained in the following way. 
Grandgent's sections ' of the mouth for the vowels a and / are shown in 
Figs. 69 and 70. 





Fig. 69. Fig. 70. 

The following view of the physiological action of the vocal cavities in 
producing ai in the case studied above is proposed tentatively. The de- 
pressed position of the tongue for the a leaves open a large cavity reach- 
ing from the teeth to the vocal cords ; the uvula offers no great interrup- 
tion. The lower resonance tone of the a may be considered to arise from 
the vibration in this cavity. The upper resonance tone of the a may be 
supposed to arise from the rear resonance cavity, that is of the throat 
cavity from the cords to the slight elevation of the tongue at the uvula. 
As the a changes to / this elevation of the tongue moves forward enlarg- 
ing the rear cavity by including continually more of the mouth ; this 
continuously lowers the upper resonance tone until the tongue comes to 
rest in the typical / position. The variety of changes in the course of 
the upper resonance tone corresponds to individualities of action of the 
tongue in the various cases. In some cases the change from a to / is 
more sudden and definite (Figs. 14, 21, 27, 44, 62) and in others it is 
less definite (Figs. 31, 39, 49, 53) ; in other cases there is even laxity 
and fluctuation in the typical terminal positions (Fig. 66). 

The supposition that the upper resonance tone arises from the cavity 

• Marichelle, La parole d'apr^s le trac6 du phonographe, 47, Paris 1897. 
'Grandgent, Vcnvd measurements, l\ibl. Mod. Lang. Ass., 1890 V 148. 
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behind the elevation of the tongue rather than from the one in front of 
it, although opposed to the usual view, does not exclude the presence of 
tones from the front cavity also. In fact these other tones are presumably 
also present though not distinguishable in my records. 

The greater importance of the rear cavity seems to be indicated by the 
following facts. The laying of the finger on the tongue does not ap- 
preciably modify the enunciation of a. When the finger is introduced 
into the mouth and kept in front of the elevation for the /, it produces 
no appreciable effect ; but when it is pushed beyond the elevation into 
the rear cavity it changes the sound completely. 

It may be noted that curious relations exist between the tones of two 
succeeding sonants (speech sounds with tones) ; in general it is true that 
the tones of a sonant form approximately musical intervals with a tone 
or tones of the preceding sonant. 

In all cases of ai there is no sudden jump of the cord tone ; the / con- 
tinues the cord tone of the a, forming with it the easiest musical in- 
terval, a unison. This tone is, however, different in different cases ; the 
cord tone of the a rises to a certain point selected for that of the /'. The 
selection of the pitch of the cord tone for the / is influenced by the pre- 
ceding resonance tones of the a, as may be seen in the following table. 



Tone of 






Toms of the a. 




Tones 


of the i. 


d. 


M, /. 


Cord. 


Ix>frer 


Upper 










start. 


end. 


resooaocc. refooance. 


Cord, 


Resonance. 


^1 1st example 




56 


250 


286 


1000 


2SO 


450 


/, 2d " 




«3 


250 


286 


1000 


250 


555 


/. 3d *• 




131 


250 


286 


1000 


250 


500 


/,4th «« 




III 


286 


286 


1000 


286 


400 


/.prose ** 




102 


180 


360 


1000 


180 


360 


Eye, 




400 


160 


435 


1000 


160 


476 


^f, 1st example 


500 


179 


200 




lOCXJ 


200 


473 


A>, 2d " 


400 


217 


^33 




1000 


133 


473 


^y, 


526 


160 


204 


256 


625 


256 


500 


^Vi ^st example 


400 


U3 


149 


5«8 




149 




75(y,2d ** 


417 


84 


143 


416 




143 


2** 



In the ist / the cord tone of / is practically identical with ^ ^m*^ 
resonance tone of the a ; the fixed lower resonance tone ^^^ ;* ^>. 
parently furnishes a standard toward which the cord tone of thr^ f^,^^ ^^ 
begin the /. The cord tone is also just two octaves bclor tfir ■-; 
resonance tone of the a. There is no very simple relation 
resonance tone of the / and any of the tones of the a. 

In the 2d / the relations are similar to those in the lit /- 
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In the 3d / the cord tone of the / is also practically in unison with the 
lower resonance tone of the a and also at two octaves below the upper 
resonance tone. The resonance tone of the / is just an octave below the 
upper one of the a. 

In the 4th / the relations are practically as in the previous one except 
for the fact that the resonance tone of the / is two and a-faalf octaves be- 
low the upper resonance tone of the a. 

In the prose / the cord tone of the / is an octave below the lower 
resonance tone of the a while the resonance tone of the / appean as a 
continuation of the lower resonance tone of the a with no sinfple relation 
to its upper resonance tone. 

In eye the cord tone of the / is one and a-half octaves below the lower 
resonance of the a and the resonance tone is practically a continuatioii of 
that tone, with no relation to the upper resonance of the a. 

In die (ist example) the cord tone is five octaves below the upper re- 
sonance tone of the a, which has no lower resonance tone. It is also two 
and a-half octaves below the tone of the d. The resonance tone of the 
/' shows no relation to any tones of the a, although it approximates the 
tone of the d. 

In die (2d example) the cord tone of the a starts approximatetf an 
octave below that of the d. No other relations between the various tottes 
are apparent. 

In fly the lower resonance tone of the a is an octave below the tone of 
the /. The cord tone of the / in its main portion continues the lower 
resonance tone. 

\nthy (ist example) the cord tone of the / is approximately four oc- 
taves below the resonance tone of the a and its resonance tone is approxi- 
mately in unison with the tone of th. 

In thy (2d example) the resonance tone of the a is in unison with the 
tone of th. The cord tone of the / is three octaves below this tone. 
The resonance tone of the / is an octave above its cord tone and iji 
octaves below the resonance tone of the a. 

Such a relation between successive tones in speech is merely what would 
be expected in a melodious voice. An illustration of a similar relation 
will be found below in the account of the sound // of the word wMU. 

Study of the words " Who'll be the parson V^ 

In the following phonetic analysis of a complete phrase I have been 
much assisted by Miss E. M. Comstock. 

The complete curve is given in Fig. 71. It begins with the breath 
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indicated by the letters wh ; this is not the sound of wh in which but the 
breathing h. 

The aspirate h. 

The first of the series of sounds is heard as an aspirate followed by 
the vowel u. The curve (Fig. 71, line i) shows that it occupies a 
time of 35*'. Its tone has a constant period of a.S*', or a pitch of 
about 380 vibrations per second. Its amplitude rises from zero to 
a maximum of 0.2". It is thus a ** crescendo sustained" sound; 
in particular, a crescendo sustained light breath. The tone of the 
hy as shown by the vibrations in the curve, is a resonance tone aris- 
ing from the passage of the air through the mouth; it is not a cord 
tone. The reasons for considering the vibrations to have arisen from 
a resonance tone and not from a cord tone are the following : ( i ) 
such high cord tones are not fotmd in the other sounds produced by this 
speaker ; ( 2 ) the vibrations of 2 . 5*^ are followed by two vibrations of 2 . 3*' 
and 2.1*' respectively and then by the vibrations of the u beginning with 
a cord tone of 6.3'' and a resonance tone of 1.9*^; the tone of 2.5*^ thus 
leads rather to the resonance tone of the u and could with hardly any 
possibility be considered as a cord tone with an instantaneous drop of 
three octaves. 

These results do not agree with the view that the first sound of who'll 
is a voiceless form of u. The sound h is usually said to arise from the 
breath passing through the mouth already adjusted to the following vowel, 
the cords being open and the resonance tone alone being heard. " In 
the opinion of some authorities, h has the same position as the beginning 
of the following vowel. *'^ Most later observers have adopted the same 
view.' According to this view we cannot speak of a single h but must 
suppose for each vowel a corresponding h: ^", h\ ^**, h% A", etc. , each of 
which has an adjustment of the mouth like that of the corresponding 
vowel and differs from that vowel only in having a noise from the cords 
instead of a tone.* ** Our h combines a noise from the cords (and sub- 
sidiarly a noise in the mouth-cavity) with the mouth position of a vowel. 
The common element in ^", h\ //'*, etc., does not lie in the vocalic posi- 
tion of the mouth-cavity, which is really different, but in the larynx at 
the vocal cords, whose position is here a peculiar one, different from 

^Taitdrlya PratiQakhya, ii 47, ed. by Whitney, Journ. Amer. Oriental Soc, 1871 

1X77. 

i^MiCHAELis, Ueb(^r das JI und die venuandtcn Laute, Arch. f. d. Studium d. neue- 
ren Sprachen (Herrig), 1887 LXXIX 49, 283. 

3 See quotations in MiCHAELis, as before, 79. 
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that for the loud voice {vox) and from that for the whisper voice {vox 
dandestina) ,''^ 

A special adjustment of the mouth for h seems to have been first as- 
serted by Valentin who remarks : ** The palate, apparently narrowed as 
a whole, is somewhat drawn upward whereas the root of the tongue is 
moderately arched.*** Merkel asserts : " The whole cavity from larynx 
to mouth-opening opens or narrows itself at once to the degree required 
by the following vowel. The tongue however in forming the h does not 
yet assume the position required for the vowel in question. Thus when 
/ is to follow it lies lower than the position for this vowel.'*' Both these 
and a series of later observers apparently supposed the configuration of 
the mouth to aid in the rough noise of the h. This view is undoubtedly 
partially true as in many cases of h the friction of the air can be felt in 
the mouth. I venture to suggest, however, that the assumption of a 
particular position for the // is for the purpose of giving it a resonance 
tone instead of making more noise by friction ; the curve for wh in the 
case under consideration shows a resonance period of 2.5*' as contrasted 
with that of 1.9*^ for the following //. 

Indications of a tendency to give h an independent resonance cavity 
are apparent in remarks by Lloyd. ** h and o in hold 2ctt. successive, but 
they slightly overlap. When such a combination is to be produced, the 
cords instantly leap into a position sufficiently close to cause a slight fric- 
tion. They then close more slowly, until they are planted close together, 
and voice ensues. The vowel position has already been assumed, but there 
is no vowel so long as the glottal orifice is still comparatively wide. But 
there is a moment, just before the cords begin to sound, when the glottis 
is narrowed to a whispering position ; and, for that moment, the sound is 
both h and whispered vowel. If ho is whispered, the // is still prior, for 
it begins with a glottal orifice so large as quite to mar the adjusted 
resonance of the o vowel -configuration ; and there is no vowel until the 
close position of whisper is reached. When that is reached, it is held ; 
and the whispered vowel itself may be viewed as the mere promulgation 
of the final element of the //. // is therefore really a glide from simple 
Mundund Kehlresonanz (such as is heard in a sigh) to a whispered Anlaut 
of the following vowel, /. <?., from a nearly uniform beginning to a far 
from uniform end.*** 

* MiCHAELis, as before, 79. 

•Valentin, Lehrbuch der Physiologic des Menschen, II 291, i844» quoted by 
MiCHAELis, as before, 61. 

'Merkel, Laletik, 72, 1866, quoted by Michaelis, as before, 72. 
« ViETOR, Elemente der Phonetik, 3. Aufl., 22, Leipzig 1894. 
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There seems to be some conflict between Lloyd's statement that in the 
h the vowel position has been already assumed and that it starts from a 
nearly uniform beginning. I would suggest the view that the h in this 
case of wh possesses a definite resonance cavity of its own which may be 
related to but is yet different from that of the following u. 

The most plausible view of the nature of this wh seems to include the 
following points. 

In the first place it is either the glottal fricative produced by a narrow- 
ing of the glottal opening sufficient to produce a rough sound without a 
tone, or a sonant fricative produced by a narrowing of the proper cord 
glottis while the cartilage glottis remains open.^ Both views are consistent 
with the fact that a distinct movement of the larynx can be felt with the 
fingers when wh is pronounced. The former view is consistent with the 
curve under consideration, but the latter vie\^ is favored by some of the 
other cases of wh in the record studied, which show some slight but not 
quite certain indications of a grouping of the resonance vibrations and 
therefore of the presence of a cord tone. 

The h is considered as a sonant in all Sanskirt treatises.* Traces of a 
sonant h have been found in speech curves of the Finnish language.* 
The consideration of the vexed question of sonant h must be postponed 
to a future occasion. 

In the second place the h contains at least one tone arising from the 
resonance cavity in front of the cords. This tone I believe to be one of 
a pitch peculiar to /;, just as certain tones are peculiar to certain vowels. 
The frequency of the // tone in this h is 400. I do not believe that for 
this tone the mouth is adjusted to the position of the following // with a 
resonance tone of 526, and that the pitch of the cavity is modified by the 
difference in the greater enlargement of the glottal orifice so that the tone 
400 is produced. My reasons for this last statement are : ist, /; can be 
sounded alone without giving information concerning the following 
vowel ; 2d, the difference between the opening of the cords for the // posi- 
tion and that for the vowel position is too small to produce such a great dif- 
ference in the pitch of the resonance cavity ; 3d, the assumption that the 
h cavity is the same as that of the following vowel is not supported by any 
positive proof and in the absence of such proof it is unwise to accept an 

'CzERMAK, Ucber d. Spirittis asperntnd Icnis^ etc.^ Sitz.-Ber. d. Wiener Akad., 
math.-naturw. CI., 1866 LI I (2) 630, Anmerk. I (also in Schriften, I 756). 

2TaiUiriya PratiQakhya. i 13. 

sPirriNr,, Zur Phonetik d. finnischen Sprache; Untersuchungen mit Hensen' s Sprach- 
zcuhiwr^ Mem. de la Societe finno-ougrienne, XIV, Helsingfors 1899. (Review in 
Deutsche Litteralurzeitung, )9CX), April 28.) 
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arrangement involving an anticipatory adjustment of the vocal organs 
whereby the vowel is prepared for before the h is produced. 

The hu glide. 

The aspirate h is followed by two vibrations with periods of 2.3' and 
2.1* respectively (Fig. 71, line 2). They are resonance vibrations pro- 
duced by the passage of the air through the mouth cavity. They might 
with propriety be considered as belonging to the /^, from which they 
differ only in period. Yet the change from the h period of 2.5*' denotes 
the rise of an impulse toward another sound and, if the concept of a 
glide is to be admitted at all, they are to be treated as a glide. The 
intention shown in the glide is to change the mouth tone from 2.5*' 
for the h to 1.9*' for the u. The second of these glide vibrations ends 
suddenly with the puff of air from the first vibration of the cords in mak- 
ing the u. 

The vowel u. 

The word is so short that the ear is not able to attribute any particular 
quality to the vowel. 

The curve for the u (Fig. 71, lines 2 and 3) closely resembles that for 
ai in its general character. The first part shows a rising cord tone and 
a nearly constant but afterwards falling resonance tone. In the latter, 
portion the cord tone is approximately constant while the resonance tone 
ialls. The change in the character of the action of the cords appears 
clearly also as in a/ (p. 37). It is, in fact, very evident that this sound 
is really a diphthong with possibly less difference between the two ele- 
ments than in the case of ai. This diphthongal character of the English 
^ is well known to phoneticians ; the sound is generally indicated by uw, 
A separation of the sound into its two parts will not be attempted here. 

The curve at the beginning of the u shows a vibration of 6.3*' from 
the vocal cords acting on a cavity whose period 1.9*' is not a sub-multiple 
of the cord period. As the cord period is gradually shortened, the reso- 
nance period (remaining the same) steadily modifies the form of the re- 
sultant vibration, and the curve is seen to change its form gradually, 
^e relation between cord tone and resonance tone is closely analogous 
^0 that in the a of ai (p. 19). 

The successive vibrations of the u occupy the periods of 6.3, 6. i, 6. i, 

^•^» 5-4> 5-4> 4-9> 4-9> 4-9> 4-9> 4-9> 4-6, 4-6, 4-6, 42, 42, 4.2, 4.2, 
4*2, 4.2, 4.2, 4.6, 4.6, 4.6, 4.6, 4.6, 4.6, 4.6, 4.6, 4.6, 4.6, 4.6, 4.6, 
4-6, 4.6*^. The total time occupied by the //is 167*^. 

The u thus shows a sudden tightening of the cords to a tension neccs- 
*^y for a tone with a period of 6.3*^ and thereafter a gradual increase of 
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tension to a maximum represented by 4.2*^, after which there is a fall to 
4.6*' at which the tone remains constant. 

The resonance tone begins with period of i.p*' or a frequency of 526. 
For the vowel u the following resonance tones have been assigned : 
DoNDERS, /* ; Helmholtz, /; Koenig, b ; Auerbach, g-d, p ; Traut- 
MANN, /', g^ \ Pipping, f^/^^, ^'-^'; Hermann, r*-/r*; Storm, a; 
BoEKE, //*. My measurements indicate a resonance tone of 526 vibra- 
tions a second, or approximately c^, I have not yet been able to 
settle the question of a lower resonance tone. 

This resonance tone is, however, not constant. This is especially 
evident during the last part of the u where the cord tone is constant. 
In this region of constancy the curve steadily changes its form from the 
earlier u form toward the / form ; during the last 8 or 10 cord vibrations 
it is difficult to say whether the curve belongs to the u or the /. The 
cord vibrations of the u period persist in their own constant period, 
however, to a point which can be detected. We are thus justified in 
reckoning these vibrations to the u although the mouth cavity has been 
presumably steadily shaping itself for another sound. 

Repeatedly observed facts of this kind have forced upon me the belief 
that the view of a word as composed of a set of ?ixe^ sounds with glides 
between them is a somewhat inadequate one. It is derived from the at- 
tempt to get away from the artificial character of spelling but it still 
largely retains that character. The usual view of the word aV/t?*// would 
represent it as composed of h — glide — w — glide — /. The vocal organs 
are supposed to occupy three distinct positions, the glides representing 
the intermediate positions during the moments of change. 

A somewhat different view seems better fitted to the actual curves. 
The unit of speech is sometimes a phrase, sometimes a word, and never 
a vowel or a consonant unless it is at the same time a word. In speaking 
a word the vocal organs pass through a series of positions of a special 
character without stopping in any one position. Thus the word who* li 
represents a continuous change in the force of expiration following a 
definite plan, also a continuous change in the tension of the vocal cords, 
likewise continuous movements of the parts of the mouth. The force 
of expiration rises from o to a maximum in 35*^ at the end of the h, 
continues with slight fluctuation during 171*^ in the glide and 2/, and finally 
dies away at 27 7 with the end of the /. Before the breath begins the mouth 
has adjusted itself to a tone of a period of 2.8'' ; this position changes 
very slightly during the 35*^ of h\ then it makes a rapid change through 
2.3, 2.1 to 1.9*' in the w, remains constant during i67<^ and rises sud- 
denly to the mouth tone of the / (not determinable here). 
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The form of the vibration steadily changes as shown in the figure. 

The changes in pitch in this word whoUl confirm the law deduced 
for tf/ (p. 57) to the effect that in a succession of sonants (speech elements 
with tones) the cord tone of a sonant tends to be a multiple or a sub- 
multiple of the cord tone or the mouth tone of the preceding sonant. 

The relations are not exact but only approximate. The mouth tone 
2.5*' of the h is followed by a cord tone for the u having a general ave- 
rage of 5.0*^ or an octave below the former. The mouth tone of the u 
1 . 9<^ is followed by a cord tone for the / of pretty nearly the same period 
2.1*^. 

Such a law is what would be expected in a voice — at any rate in one 
that was not unpleasant — for the human ear finds pleasure in a succession 
of tones whose periods stand in certain relations. Possibly some of the 
explanation of disagreeable voices may be found in the violation of this 
law. 

In general the curve of this / may be said to resemble the forms given 
by Wendeler* and Hermann and Matthias.' 

The / given by Wendeler is a spoken sound ; the figure shows that it 
must have had a falling cord tone and a decreasing intensity. 

The examples of / studied by Hermann and Matthias were sung on 
notes of different pitch. Their analysis showed that these examples all 
contained a tone between /* and g^. They also found for the lower 
notes also a tone that was the octave of the cord tone and changed with 
it, and for the higher notes a reinforcement of the cord tone itself. This 
reinforcement of a partial tone of the cord tone is not found in the 
vowels studied by Hermann or in the cases of ai considered above except 
in two cases, namely, in the / in the 3d example of / and in fly (see 
list on p. 57). Tho^'e is apparently some difference in the action of 
the mouth in forming the /. This difference may be felt by singing 
the / on a note of rapidly rising or falling pitch ; there is apparently 
a movement of the tongue whereby it is pressed more strongly against 
the palate as the pitch rises. The consequent change in the size of the 
resonance cavity might, by the appropriate connection between tongue 
and cord, go parallel with the change in the cord tone and thus always 
reinforce one of its partials. 

Our curve does not enable us to make any measurements of the reso- 
nance tones, but its steady change in form while the cord tone re- 

* Wendeu-lr, Ein Versuchy die Schallbewegung einiger Consonanten und andercr 
Gerausche mit dem Hen sen' sc hen Sprachzeichner graphisch darzuitellen^ Zt. f. Biol., 1887 
XXIII 314, Tafel III, Fig. 21 B. 

* Hermann und Matthias, PhonophotographUche Mittheilungen^ V, Die Curven 
der Consonanten, Arch. f. d. ges. Physiol. (PflUger), 1894 LVIII 255,.Tafcl II. 
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mains constant shows that the resonance tone or tones change indepen- 
dently. The tongue probably moves while the cords remain at a constant 
tension. This example of / thus differs from those of Hermann and 
Matthias. 

The labial b. 

In the spoken words on the gramophone plate the sound b follows im- 
mediately upon the // without pause. The speech cur\'e at this point 
(Fig. 71, line 5) shows no measurable vibrations, the enlargement not 
being great enough to reveal the details of the weak tone of the b. 
The interval occupied is 96*^. 

The vowel /. 

The vibrations (Fig. 71, lines 6 and 7) have constant period of 2.8^. 
They start with an amplitude of o and rises steadily to an amplitude 
of 0.2"". At the end they fall to o suddenly in four vibrations (Fig. 
71, line 8). The pitch of the mouth tone could not be determined. 
This / seems a rather weak vowel when compared with the / in ai. The 
sudden ending indicates a quick cut by the following th (see above p. 31). 
The last four vibrations (Fig. 71, line 8) differ somewhat in character 
from the others and seem to indicate a diphthongal ending to the /. 

The sonant post-dental dh. 

As can be heard from the gramophone plate, the / sound in be is cut 

short by the dh of the. This sound appears in the tracing (Fig. 71, 

line 8) as a space with faint waves following immediately on the sudden 

fall of the / vibrations ; the scale of enlargement is not sufficient to give 

definite information concerning the waves of the dh. This sound occupies 

a time of 56*'. 

The indefinite vowel ci- 



This vowel follows dh in the. It rises somewhat rapidly to its 
remains at an even amplitude (Fig. 71, line 9), and dro pg w Ualy to 
in the last 4 vibrations. It has a pitch of 6.7*^ ^^ a n Hfm n mA a 
maximum amplitude of 0.4™"'. The entire vo\vel cnnfiM ij cord 
vibrations and occupies a total time of 84*^. 

The dp glide. 

The vowel a of the is cut short by the closing of the 1 /. T'-.s 

suddenly reduces the amplitude of the vibrations till I nsry ia.rjr 

(Fig. 71, line 9), yet the cords continue to vibrate « 4»ir- 2* 

maybe seen. from the faint vibrations (Fig. 7^> \\^ti^ 1). T'ar 
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sound can no longer be considered to be the vowel a and cannot in the 
usual sense be called a/. It may be treated as a glide although it occu- 
pies fiilly two thirds of the interval of 112*' between the a in the and the 

a in parson. 

The labial /. 

If the period of sonancy after the is to be considered as a glide, the 
remaining third of the 112*' may be assigned to the / (Fig. 71, line 10). 

The vowel a. 

The word parson appears to the ear (E.W.S.) to have an inflectional 
force of the form indicated in Fig. 72, as often appears at the end of 
questions ; the circumflexion appears to lie in the a and the deep fall to 
be in the n ; this word seems to contain a trace of an r. This word differs 



Fig. 72. Fig. 73. 

from the same word four lines later (p. 15) which appears to the ear to have 
a deep inflectional tone, at flrst level and then falling as in deciding a 
matter; this is indicated in Fig. 73. This latter word seems to contain 
no r. The -word. parson is in both cases apparently continuous with the 
word the and would be acoustically written theparson. 

The vowel a in this case occupies a period of 180*'. It is preceded 
by the interval of 112*' belonging to the / and is followed by a glide of 
12. 3*'. 

It shows 36 cord vibrations. The pitch rises gradually as shown by 
the following measurements of the successive periods: 6.7, 7.0, 6.7, 
6.0, 6.0, 6.3, 5.3, 5.3, 5.3, 5.3, 5.3, 5.3, 4.9, 4.9, 4.6, 4.6, 4.6, 4.6, 
4.6, 4.2, 4.2, 4.2, 3.9, 3.9, 3.9, 3.9, 3.9, 3.9, 3.9, 3.9, 3.9, 3.9, 3.9, 

3-9> 3-9> 3-9> 401 4-2. 

It contains a constant lower resonance tone with a period of 2.8*^ or a 

frequency of 357 (Fig. 35). 

The upper resonance tone is one of about 714 vibrations per second. 

The amplitude rises through the first four vibrations from zero to 0.3"™ 
and is maintained at this to the end. 

The vowel a in parson has undoubtedly a diphthongal character. The 
first portion resembles the a sound discussed above (p. 16) in the rising 
cord tone but differs radically in the falling resonance tone, in which 
respect it is somewhat like the a in die (Figs. 49 and 53). The latter 
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to j4 sec.^ The American rolled r of Nichols and Merritt has also 
apparently a long beat-period as far as can be judged from the pictures. 
The brief r in three examples given by these last observers has apparently 
a shorter beat-period than that oi parson. The cord period in Wendeler's 
examples varies apparently from 2.3<' to 3.3*^ (Wendeler's own computa- 
tion of a frequency of 200 or a period of 5*^ can hardly be correct); the 
resonance period lies in the neighborhood of 1.7*^, according to my cal- 
culation from his records. 

The sibilant s. 

This follows directly upon the r. The vibrations in the curve are 
hardly distinguishable and no very definite limit can be set to them. 

The liquid n. 

This follows immediately on s (Fig. 71, line 14 to end). It occupies 
an interval of 197*^. The successive vibrations occupy periods of 4 . 2 , 3.5, 

S-^ 3-7> S-3> 4.1, 4.1, S-3> 4.2, 4.9> 4.9> 5-3> S-3> 5-3> 5-3> 5-3> 5-6, 
5-3> S-3> 5.6, S-6, S-3> 6.7, 6.3, 6.7, 6.7, 7.0, 7.0, 7.0, 7.0, 7.0, 8.4, 
8.8, S.S, 9.1, 8.8. The maximum amplitude is o.i' 



.mm 



IV. The nature of vowels. 

To the question, ** What is a vowel?*' several kinds of answers may 
be given. 

A vowel may be defined as the sound produced by a certain action of 
the vocal organs. Some specially peculiar position of one or more of the 
organs is usually selected as characteristic. Nearly every writer on pho- 
netics gives a definition whose elements are the positions of the vocal 
organs. Such a definition may be called a ** physiological definition of 
a vowel. * ' 

Another method of defining a vowel consists in giving the physical 
character of the sound of which it consists. This method was proposed 
by Willis who justifies it by the following considerations : 

**The mouth and its apparatus were constructed for other purposes be- 
sides the production of vowels, which appear to be merely an incidental 
use of it, every part of its structure being adapted to further the first great 
want of the creature, his nourishment. Besides, the vowels are mere 
affections of sound, which are not at all beyond the reach of human im- 
itation in many ways, and not inseparably connected with the human 
organs, although they are most perfectly produced by them ; just so, 

1 Pipping, Ziir Phonetik d. finnischen Sprache, M6m. de la Soc. Bnno-ougrienne, 
XIV, Helsingfors 1899. 
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lusical notes are formed in the larynx in the highest possible purity and 
perfection, and our best musical instruments offer mere humble imitations 
of them ; but who ever dreamed of seeking from the larynx an explana- 
-fcion of the laws by which musical notes are governed? These considera- 
tions induced me, upon entering on this investigation, to lay down a 
different plan of operation ; namely, neglecting entirely the organs of 
speech, to determine, if possible, by experiments upon the usual accous- 
deal instruments, what forms of cavities or other conditions, are essential 
X.O the production of these sounds, after which, by comparing these with 
Che various positions of the human organs, it might be possible, not only 
CO deduce the explanation and reason of their various positions, but to 
separate those parts and motions which are destined for the performance 
of their other functions, from those which are immediately peculiar to 
speech (if such exist)."* 

Willis's idea of studying the physical characteristics of a vowel has 
Ijeen developed by a series of later observers, finding its full expression 
in the study of curves of speech by the investigators referred to in Sec- 
tion I (p. 2). In its perfection the ** physical definition of a vowel" 
will consist of a mathematical expression for the course of the molecular 
vibration of the air which it involves. 

A third method of defining a vowel might be proposed, namely, a 
summarization of its mental characters as perceived by the person hearing 
it. This might be called a ** psychological definition." It would con- 
sist in a statement of the pitch of the vowel as heard, whereby reference 
night be made to some standard musical instrument in determining the 
pitch ; also in a statement concerning its apparent intensity ; also one 
concerning its apparent length ; and finally one concerning its expressive 
character. Such definitions have not before been given ; they have been 
crudely attempted in some cases of the vowels I have studied in the pre- 
ceding pages. 

Willis's theory. 

Probably the earliest well-founded statement in regard to the nature of 
vowels was that of Willis. His line of thought was as follows : 

*'It is agreed on all hands, that the construction of the organs of 
speech so far resembles a reed organ -pipe, that the sound is generated by 
a vibratory apparatus in the larynx, answering to the-xeed, by which the 
pitch or the number of vibrations in a given time is determined ; apd 
that this sound is afterwards modified and altered in its quality, by the 

* Willis, On vowel sounds^ ani on reed- organ -pipes y Trans. Camb. Phil. Soc. , 1830 
III 231. 
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cavitiej^ of the mouth and nose, which answer to the pipe that organ 
builders attach to the reed for a similar purpose. ' ' 

WiLus fitted a reed to the bottom of a funnel-shaped cavity and ob- 
tained sounds resembling vowels by modifying the opening of the cavity. 
He then tried closed cylindrical tubes of different lengths and found that 
different vowel-like sounds were produced by different lengths of the 
tube. His experiments led him to the conclusion that the vowel-like 
sounds are produced by the repetition of one musical note in such rapid 
succession as to produce another. ' ' It has been long established, 
however, that any noise whatever, repeated in such rapid succession 
at equidistant intervals as to make its individual impulses insensible, 
will produce a musical note. For instance, let the musical note of 
the pipe be ^", and that of the reed ^, which is 512 beats a second, 
then their combined effect is ^" •••^" •••^" •••^" ••• (512 in a second) 
in such rapid equidistant succession as to produce c', g" in this case 
producing the same effect as any other noise, so that we might expect d 
priori^ that one idea suggested by this compound sound would be the 
musical note ^. 

** Experiment shows us that the series of effects produced are character- 
ized and distinguished from each other by that quality we call the vowel, 
and it shows us more, it shows us not only that the pitch of the sound 
produced is always that of the reed or the primary impulse, but that the 
vowel produced is always identical for the same value of s [the length of 
the pipe]. Thus in the example just adduced,^" is peculiar to the 
vowel A^ [a as in all]: when this is repeated 512 times in a second the 
pitch of the sound is ^, and the vowel is A^-. if by means of another 
reed applied to the same pipe it were repeated 340 times in a second, 
the pitch would be/, but the vowel still A^. Hence it would appear 
that the ear in losing consciousness of the pitch of s [the length of the 
pipe] is yet able to identify it by this vowel quality. But this vowel 
quality may be detected to a certain degree in simple musical sounds ; 
the high squeaking notes of the organ or violin speak plainly /, the deep 
bass notes U, and in running rapidly backwards and forwards through the 
intermediate notes, we seem to hear the series U, Oy A, JS, /, /, £, A, 
O, C/, etc., so that it would appear as if in simple sounds, that each 
vowel was inseparable from a peculiar pitch, and that in the compound 
system of pulses, although its pitch be lost, its vowel quality is strength- 
ened." ** Having shown the probability that a given vowel 
is merely the rapid repetition of its peculiar note, it should follow that if 
we can produce this rapid repetition ijx any other way, we may expect to 
hear vowels. Robinson and others had shown that a quill held against a 
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by Helmholtz by means of tuning forks held before the mouth. The 
resonance differed for different vowels. 

** The pitch of the strongest resonance of the mouth depends only on 
the vowel for whose production it has been arranged, and changes essen- 
tially even for small changes in the character of the vowel as for example 
in various dialects of the same language. On the other hand the res- 
onances of the mouth are almost independent of age and sex. I have 
found in general the same resonances for men, women and children. 
What is lacking to the childish and female mouth in capacity can be 
easily replaced by narrower closure of the opening, so that the resonance 
can still be as deep as in the larger male mouth. ' ' 

According to Helmholtz " the vowel sounds are different from the 
sounds of most musical instruments essentially in the fact that the strength 
of their overtones depends not only on thp number of the overtone but 
above all on its actual pitch. For example, when I sing the vowel a or 
the noteE#, the reinforced tone is ^,, or the 12th one, and when I sing 
the same vowel on the note ^, it is the second one.'** 

This view of Helmholtz necessitates the assumption of an accommoda- 
tion of the resonance tone to the voice tone within quite a range ; thus 
as the voice tone rises or falls the mouth must also change its tone or be 
able to extend its resonance to a considerable degree. This assumption 
was made by Helmholtz, the range of accommodation being supposed 
to extend over as much as an interval of a fifth in music each way from 
the tone of best resonance. This view has been called the ** accom- 
modation theory. ' ' According to this theory the mouth must accommo- 
date itself to one overtone of the voice tone and when this rises or falls to 
a considerable degree it must readjust itself to some other one in order to 
keep the resonance tone within a limited range. 

The difference between the theories of Willis and Helmholtz lies 
chiefly in the relation between the mouth tone and the voice tone ; for the 
former there was no relation, for the latter the resonance tone was one of 
the overtones of the cord tone. 

** Willis's description of the acoustic movement in the vowels doubt- 
less coincides closely with the truth ; but it gives only the manner in 
which the motion occurs in the air, and not the corresponding reaction 
of the ear to this motion. That even such a motion is analyzed by the 
ear according to the laws of resonance into a series of overtones is shown 
by the agreement in the analysis of the vocal sound when it is executed 
and by the resonators."* 

1 Helmholtz, as before, 191. 
* Helmholtz, as before, 191. 
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Helmholtz also devised an apparatus of electric tuning forks and pro- 
duced vowel-//>^^ sounds by combining a fundamental tone with different 
sets of overtones. 

Helmholtz was greatly influenced in his theory by his views of the 
action of the ear. The hypothesis that all regular vibratory movements 
reaching the ear are analyzed by it into a series of harmonics of the fun- 
damental period is an assumption that seems to lead necessarily to the 
Helmholtz theory. This assumption, however, we must disregard at 
the present time; the problem concerns the nature of the vibratory 
movement characterizing a vowel and the solution must be found in an 
unbiased analysis of the vowel curve ; the question of how the ear acts is 
a later one. 

Pipping's^ work with Hensen's instrument (see above, p. 4) led him 
to the following conclusions. 

•' In agreement with Helmholtz I have found that each vowel is dis- 
tinguished by one or more regions of reinforcement of constant pitch. 
The intensity of its partial tone is, cateris paribus, greater as it coincides 
more accurately with the range of reinforcement. 

«* In regard to the range of the reinforcement I cannot agree with 
Helmholtz. Helmholtz indeed states that the range can be different 
according to the opening of the mouth, the firmness of walls of the oral 
cavity, etc. But he lays so little weight on this difference that he does 
not attempt to use it in the characterization of the different vowels. To 
judge from page 183 of the Lehre von den Toncmpfindungen Helmholtz 
thinks that the range of reinforcement must extend in general at least a 
musical fifth above and below, and this is certainly not the case. 

' * Sung vowels contain only harmonic partial tones. ' ' That is, a vowel 
produced by singing consists of a series of tones whose vibrations stand 
in the relations of i : 2 : 3 : 4 : ••. 

** The intensities of the various partial tones do not depend to any es- 
sential degree on their ordinal numbers." That is, in distinction to 
most musical instruments it is not the fact that the first partial is much 
the stronger and that the higher partials are in general weaker. 

'*The various vowels differ from each other in ranges of reinforcement 
which are of different numbers, width and position in the scale of pitch,'* 
That is, one vowel may have two ranges of reinforcement, another uinee, 
etc. , and these ranges may differ. 

On a later occasion * Pipping believes that the range of JLiO«»uilai- 
tion may exceed even the limits allowed by Helmholtz. 

« Pipping, Zur Klansfarbe dcr i^esungenen Vocale, Zt. f. Biologic, \%9^%X\\\ -^ 
« Pipping, Zur Lehre von den Vokalklangen, Zt. f. Biologic, 1895 X3CXI fl% t,y -:^ 
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Comparison of the two theories. 

The two conflicting theories require a decision concerning their 
validity. 

Among the results that support the view of Willis we may notice those 
obtained by Donders with the Scott phonautograph.* 

* ' Each of the fourteen vowels when sung on a constant tone produces 
a constant curve. . . . ** For each vowel the form of the curve changes 
with the pitch. This result is connected with the peculiarity of the 
vowels, that their timbre is determined not by overtones of a certain 
order to the fundamental, but rather by overtones of a nearly constant 
pitch.'* 

This last statement implies the fact that if the resonance tones of the 
mouth were overtones of the voice tone bearing a definite relation to it, 
such as I St, 2d, the curve would remain the same in form no matter 
what the pitch, just as the curve of vibration for a violin string has a 
typical form which persists in spite of changes in the pitch of the string. 
On the other hand if the tone of the mouth is a constant one, as Willis 
assumes, the combined vibration produced by the voice tone and the 
mouth tone would change for any change in pitch of the voice tone. 

Hermann's investigations were carried out by transcribing the curves 
of song from the phonograph. He finds that the essential fact in a vowel 
is the intermittent or oscillatory blowing of the mouth tone by the voice. 
Under such circumstances it makes no difTerence whether the resonance 
tone coincides with any fraction of the voice tone period or not.* Her- 
mann thus supports the theory of Willis in asserting that the mouth tone 
is completely independent of the voice tone. To this statement Her- 
mann adds that of the intermittence of the voice tone which seems never 
to have been suspected by previous observers. This new fact of inter- 
mittence appears much more clearly in my curves of the spoken a (see 
Figs. 7, 17, 30) than it does in Hermann's curves of the sung vowels. 
Hermann believes that this intermittence is essential to the production 
of a vowel and that merely adding a constant tone to a complex of tones 
does not give a vowel. ^ This intermittence, however, occurs only in 
some vowels of low pitch, as in the first portions of the cases of a just 
mentioned ; it does not occur in the /. Even in the latter portion of my 

* Bonders, Zur Klangfarbe der Vocale^ Annalen de Physik u. Chemie, 1864 CXXIII 
528. 

2 Hermann, Phonophotographische Untersuchungtn^ Archiv f. d. ges. Physiol. 
(PflUger), 1890 LXXIV 380, 381. 

3 Hermann, Weitere Untersuchungen ii. d, IVesen der VocaUy Archiv f. d. ges. 
PhysioL (PflUger), 1895 LXI 192. 
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cases of a it is hardly proper to speak of interraittence ; the pressure in 
the wave from the voice tone is not evenly distributed throughout the 
period, but there is nothing resembling interraittence. Even in Her- 
mann's own curves for / as shown, for example, in one of his latest pub- 
lications/ there is no such interraittence. 

According to Hermann each vowel has one or two fixed raouth tones 
whose pitch varies within narrow liraits if at all ; these tones he calls 
"Formants.** Thus, the vowel u when sung by a certain person con- 
tains not only the voice tone but also one or two raouth tones ; these 
mouth tones are the same when the sarae vowel is sung at different pitches. 
Hermann has objected to the overtone theory of the mouth tone that 
in many voices the forraant is so high above the voice tone that it cannot 
be supposed that an overtone of that pitch could possibly be present. 
Thus as the voice-tone G the vowel / has a strong mouth tone that would 
correspond to the 28th or 29th partial of the voice tone, whereas such a 
high partial, if present at all, would be too weak to be heard.* 

A final decision in the case of the vowel a can, I believe, be estab- 
lished on the basis of the curves described above in Section I. The inde- 
pendent tone theory is certainly the only one that will account for this 
vowel. In the first place the vowels studied were spoken vowels and were 
open to none of the objections that may be made against sung vowels. 
In the second place the resonance vibrations can be seen starting at reg- 
ular intervals and dying away completely in some instances and less com- 
pletely in others within a single period of a voice tone. Again, the rcso- 
oance vibration can be seen to remain of consUnt period while the voice 
tone rises through a distance o{ several octaves within one single vowel. 

In the face of such conclusive evidence \i i» h^^ to see any point in 
which the decision in favor of the theory proposed by Willis and de- 
veloped by Hermann can possibly be attacked. It i» natural to a»«umc 
that a theory found to be valid for one vowel will l^>e valid for all ; it i», 
of course, possible that other laws may hold good in other vowel*, but 
until this possibility is proven we can treat all vowels on the indef^cndent- 
tone theory. 

The noise theory. 
Another view of the way in which the resonance tone is arouse^l re- 
sembles an older view of the action of organ pipes. '" ^^^ concoiriitant 
resonances [mouth tones] which create or constitute^^^owel^^lity are 

> Hermann, Wdtere UnUrsuchnw^en iiher d. Wesen der Vacate, hf^h T <j. ^^, 
Physiol. (Pfliigcr), 1895 L^I Tafel V. «. 

< Hermann, Phonophotographischc Untersuchungen, Arch, f- ^- «**' ^^'^' ' \" -.. 
ger), 1894 LVIII 274. 
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smnansL 3 1 it m i Ht and essentially, by the irregular noises which issui 
Tfz^ska- wnfL lac rocal tone from a speaking or singing glottis, but un't) 
mt X Tom a vfai^)ering one. Some of these are always found capabl 
if j^br&xg jast the appropriate impulse, and of kindling the resonance 
It rne configuration [mouth cavity].*' * This view is undoubtedly coi 
recr s or as whispered vowels are concerned, but it can hardly be sup 
ported for spoken vowels. In one respect the case is analogous to tlu 
<st dSL ordinarT resonator ; by blowing against the opening or by tappin 
die walls the tone of the resonator can be faintly heard. Thus, in whi< 
peeing, the vowels can be produced with faint tones. These &int tone 
are. towever, quite different affairs from the strong mouth tones c 
spoken vowels although they may be of the same pitch. In speakin; 
there must be a stronger force to set the mouth cavity in vibration tha: 
the tiilnt noises that accompany the cord tone ; otherwise the mouth ton 
would be quite overpowered by the cord tone and there would be no no 
ticeable difference between vowels spoken on the same note. Moreover 
noises seem to have no power to arouse strong resonances : thus the nois 
of A though loud and produced directly on the edge of the resonanc 
cavity, does not produce any marked resonance vibrations (p. 70). TK 
fonre that sets the mouth cavity in vibration can only come from the con 
tone and the ** noise theory ** of vowels may be definitely laid aside. 

Obstn'ations on the nature of spoken vowels. 

Ptxrvious investigators have had in mind almost exclusively the vow 
cts sua^ on musical notes. It has been universally assumed that th< 
>L>v>k^tt vowels do not differ essentially from the sung ones. Thus Her 
MANX says. **'llie difference between sung and spoken articulation lie 
cwlusi^^'lv iu the fact that the pitch, intensity and duration of the s}l 
taMc?!^ -or more accurately, of the vowels — are governed in song bj 
«i<lvHi> *ud rhythm and in speech by the laws of emphasis according tc 
ttKdxuu^ ^iHl arrangement. In a single vowel there can thus be absolutel} 
IK* ditiVreiux between song and speech." ' 

\lv tuvt^ti^tions show, I believe, that this view is erroneous. 

Itt the 6rst pUi^ the voice tones of spoken vowels are seldom of con 
NfcWkt ^ulv h, SonHf are nearly constant in pitch, some fluctuate, some rise 
JUKI 6tU tu >*riows simple or complicated ways. I have kx^ed over hun 
st^w^ ^^' wweU in the records and find that there is a typical tone for the 
%M<^ ai*k\H*tse which occur s in a majority of the vowels, while the others 

^I'v^uv CVHcti^vWjt.- tkeirnature and cmusmtim. F kaaetS tel^ 1S90III 277. 
AH^I^MVNS VM^ MArXHIAS, PhoHopkciegr^Miihe Cm^smdmm^rm. Archir f. d. 
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have quite different tones. Many of the vowels are fairly constant, but 
many others vary. Indeed, it is just such changes and fluctuations in pitch 
and also in intensity that enable the voice to express the character of the 
thought. Without these changes the speech would be a monotonous 
sing-song resembling the speech of the deaf who have been taught by the 
oral method. When words are sung, they lose most of their character ; 
speech is capable of expressing by its modulations the various emotions 
and conditions of the individual, whereas the singer has few resources at 
his command. 

In the second place vowels have certain characteristic laws of pitch 
and intensity in certain positions. Thus the a of ai in my curves begins 
practically at zero in both pitch and intensity. The / has a nearly 
constant pitch with a slight fall, and a peculiar rise and fall of intensity. 
Presumably we shall at some time be able to determine the analytical ex- 
pressions for the vowels and shall find that their properties follow definite 
laws. 

It is interesting to note that this change in pitch in the spoken vowels 
has so generally escaped notice. I know of only one recorded observa- 
tion that might refer to the subject. 

Aristoxenus,' in discussing zjVijyfy ^«^v^9 opf>oses zcVij<rt9 <rwv«/j^v to 
«>r^(r:9 dtatm^fiarcxij. The first term may be translated as ''change in 
pitch of the voice," the second as " continuous change/* and the last as 
"change by steps." The continuous change he considers to be charac- 
teristic of speech as opposed to song. *' Now the continuous movement 
is, we assert, the movement of conversational speech, for when we con- 
verse the voice moves through a space in such a manner as to seem to rest 
nowhere." * It is not quite clear to me what he means by " continuous 
change." If he had definitely in mind the change in pitch of a vowel 
within itself, he certainly furnishes an example of most precise hearing 
and carefiil observation whereby he anticipates a result arrived at later 
only by careful experimental methods. I am somewhat inclined to doubt 
that he had in mind anything more than the general observation that in 
speech the voice rises and falls irregularly, yet the special sUternent thiai 
the changes are continuous necessarily involves the changes with.n \\u\i\^ 
vowels. 

One of the most curious facts observed in the voweU studies: :- • w^ 
previous section is the change of the resonance tone. Th« V^"^'- of >:^^ 



»Aristoxenus, Harmonica, I \ 25, p. 8, Mcib. The . 
SO!f, Musical pitch and the mmsurcmeftt of inten ah. Thesis, 

•Aristoxenus, Harmonica, I I 28, p. 8, Meib., quoted i» 
tit voice in the theory 0/ ancient music, Trans. Amer. Philol- AatOC^ »99 ^. A .'. ^^ 
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resonance tone is frequently not a fixed one but one altered according to 
some law. In most of the cases of the a it begins to change in the latter 
portion ; in the / it is frequently constant but often falling. 

To the foregoing account of vowels it is necessary to make some addi- 
tions. The most important one is the statement that a vowel is not a 
fixed thing, but a changing phenomenon. There is no such thing as a 
vowel a with a definite character under all circumstances. Even for the 
same speaker there are continual changes and variations in this vowel. 
For different speakers, for different dialects and for different languages 
the changes become so great that the a finally has little resemblance to 
the one chosen as a standard. We may say that a large number of our 
speech sounds may be classed together by a more or less close resemblance 
and may be designated by the term a^ A similar statement would hold 
good of any speech sound. 

The changes from a take place in all directions, in voice tone, in 
mouth tone, in length, etc. By selecting examples properly a continuous 
series can be made of forms whose members differing but little from their 
neighbors, reaching from a to any of the other vowels. For example, 
between a typical a and a typical o all the intermediate vowels may be 
found corresponding to the position of the mouth between the a position 
and the ^ position. <'In no language or dialect are the sounds which 
pass current for one and the same vowel absolutely identical. They vary 
perceptibly in individual use : and hence ... a vowel is not one single 
definite sound, but a group of more or less closely resembling sounds 
which in a given speaking commuity pass current as one vowel. There 
seems to be no practical limit to the range of this wandering so long as 
the sounds employed do not actually overlap those of any other vowel 
which happens to be used in the same language."* 

Mechanical action in producing vowels. 

Although it may be regarded as settled that a vowel consists of a cord 
tone with its overtones and one or more resonance tones from the mouth 
and possibly from the pharynx,* there still remains the physical problem 
of the method in which the cord tone arouses the resonance tone. 

The mouth cavity with the pharynx and vocal cords may be considered 
as a pipe with membranous reeds. The theory of its action will be 
similar to that of an ordinary reed organ pipe. 

Each vibration of the reed sent a wave of condensation and rarefaction 
along the pipe. When the pipe is of such a length that this wave is re- 

1 Lloyd, Speech sounds : Their nature and causation ^ Phonet. Stud., 1890 III 254. 

2 Lloyd, brief note in Proc. Brit. Assoc. Adv. Sci., 1891 796. 
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fleeted back in such a way as to reinforce the vibration of the reed, the 
resonance tone is a loud one. Thus, when a properly adjusted resonator 
is placed behind a vibrating fork the tone of the fork is strongly reinforced. 
The reinforcement is also strong when the r^onator coincides in pitch 
with an overtone of the reed. 

Such a coincidence between the periods of the pipe tone and the reed 
tone is not necessary. Each impulse from the reed may be considered as 
striking the pipe with something of the nature of a blow, whereby the 
proper tone of the pipe itself may be aroused for an instant. The pipe 
may thus have its own pitch and be heard, no matter what relation there 
may be between it and the pitch of the reed. When the blow from the 
reed is rapidly repeated, both the reed tone and the pipe tone will be 
heard. 

Such a method of producing resonance tones has been declared to be 
impossible hy Hensen,' who remarks that air from a reed pipe cannot 
arouse a resonance tone. The experiment on which he bases this state- 
ment consisted in placing a resonator at the end of a reed pipe. At a 
certain pressure of air the pipe sounded its own tone, at a different pres- 
sure it was silent. The resonator sounded only when the pipe was silent. 
Nevertheless there were occasions when both the pipe tone and the res- 
onance tone appeared together ; these were called by Hensen unsuccess- 
ful experiments. We ought perhaps to call them rather the successful 
ones. 

To these experiments and deductions Hermann replied that a labial 
pipe can be used to sound a reed pipe, and some experiments were made 
to demonstrate the fact.* I have attempted in another way to show that a 
series of puffs of air of any periodicity may be used to sound a labial pipe 
of any pitch. 

A disc with its edge cut into waves forming approximately a sine-curve 
was rotated by an electric motor at any desired speed. Its edges passed 
between the ends of two pieces of rubber tubing so arranged that the air 
blown into one of them passed directly into the other one* if the waves of 
the disc permitted ; the position was so chosen that the waves of the 
disc regularly interrupted the air current completely. The end of the 
robber tubing was flattened and placed so as to blow against the edge of 
a piece of brass pipe stopped at the other end. The experiment began 
with the disc at rest. A current of air was blown through the tubing ; 
the pipe gave forth a tone. The disc was then set in rotation ; the tone 

iHccsEN, Die Harmonie in den Vocalen, Zt. f. Biol., 1891 XXVIII 39. 
'HmiANN, fVeiUre Untermchungen ik. d, fVfsfn d. VocaU, Arch. f. d. ges. Physiol. 
(Ffl^cr), 1S95 LXI 195. 
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of the pipe was regularly intermitted. As the disc moved fester, this in- 
termittence became more rapid. Finally, the intermittence itself was 
heard as a tone in addition to the pipe tone. Thus an intermittent air 
current, such as is employed for producing tones directly, can be used 
to produce a pipe tone in addition. 

I have even succeeded in arousing the resonance of a closed tube by 
blowing through an artificial larynx. The artificial larynx was made by 

binding a piece of thin soft rubber 
around the end of a glass tube. Two 
opposite points of the thin-walled rub- 
ber tube thus made were each caught 
between the thumb and finger; the 
tube was then stretched till the sides 
come together. A blast of air through 
the tube set these edges in vibration 
and produced a tone. By placing the 
edges at the right spot over the mouth 
of a bottle or a test-tube or a key 
(Fig. 74) the resonance tone of the 
latter could be distinctly heard. 

When the edges of the artificial 
larynx are properly placed against the 
opening of a small tube such as the 
hole of a door-key, the tone of the key 
is heard loudly in addition to that of 
the artificial larynx. The pitch of 
the larynx tone may be altered at will. 
This experiment illustrates with great vividness the method in which 
vowels are actually produced in the vocal organs. 

It is not so easy to arouse a tube of low pitch such as a bottle in this 
way, because the volume of air passing through the artificial larynx is not 
large. 

It can thus be regarded as definitely settled that the current of air from 
a reed can be used to arouse a resonance tone in a cavity properly ad- 
justed to receive the air. The Willis theory of vowel production is 
therefore at least a physical possibility. 

To this statement we may add that the reed tone and the resonance 
tone may vary independently of each other, but that the resonance tone 
is loudest when its pitch is higher than that of the reed tone. 

Willis's view of the way in which the resonance tone was superimposed 
on the reed tone is very explicit. ** According to Euler, if a single 




Fig. 74. 
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mouth cavity is necessarily correct. ^ The first and second assumptions 
made above have been explicitly stated by Ravleigh, who concludes 
that both the Willis and the Helmholtz ways of treating the action of 
the mouth cavity are legitimate and not inconsistent. ** When the 
relative pitch of the mouth tone is low, so that, for example, the partial 
of the larynx note most reinforced is the second or the third, the analysis 
by Fourier's series is the proper treatment. But when the pitch of the 
mouth tone is high, and each succession of vibrations occupies only a 
small fraction of the complete period, we may agree with Hermann that 
the resolution by Fourier's series is unnatural, and that we may do bet- 
ter to concentrate our attention upon the actual form of the curve by 
which the complete vibration is expressed.*** The two forms of treatment 
imply that the resonance tone is to be considered in the one case as a 
free vibration of the air in the cavity, and in the other case as a forced 
vibration. Some cases of the / (Figs. 44 and 53) may be reconciled 
with the Helmholtz view, the resonance tone being an overtone of the 
cord tone and changing with it. The cases of a and most of those of / 
are decidedly inconsistent with the overtone theory. Possibly the vari- 
ation from' the overtone theory arises from the explosive manner in 
which the cords open. The general description of their action for a 
probably holds good even when the resonance tone is only about an 
octave above the cord tone ; each puff of air is stronger at the start and 
fades away, setting the air in the resonance chamber into free instead of 
forced vibration. This general characteristic can be traced in each a 
even to the point where the resonance tone is slightly less than the 
octave of the cord tone, as in Fig. 11. We are probably justified in con- 
cluding that the Willis theory of the production of vowels holds good 
universally. 

V. . The mouth tone in vowels. 

Bonders sought to determine these tones by noting the pitch of the 
mouth cavity when the various vowels were whispered.' 

Helmholtz* and Auerbach* by holding tuning forks before the 
mouth when it had been fixed for a certain vowel have found those whose 
tones are most strongly reinforced. The mouth acts as a resonator and the 
tone most strongly reinforced is that to which the mouth is tuned. The 

» Rayleigh, Theory of Sound, \ 48, 66, 322k, 397, London ; 1894, 1896. 
« Rayleigh, as before, \ 397. 

3 Bonders, Ueber d. Natur. d. Ko^a/cf, Archiv f. d. hollftnd. BeitrSge z. Natur. u. 
Heilkunde, 1858 I 157. 

< Helmholtz, Lehre v. d. Tonempfindungen, 4. Aufl., 171, Braunschweig 1877. 
5 AUERBACH, Untersuchungen u, d. Natur. des Vokalklanges^ Diss., Berlin 1876. 



Researches in experimental phonetics, 85 

objections arise : that there is no certainty that the mouth is really in 
the vowel position desired ; and that the mouth may resonate to several 
tones. The adjustment of the mouth may be quite different when no expi- 
ration is occurring from what it is during whispering or speaking or sing- 
ing. * At any rate we have no assurance that it is the same. I quite 
agree with Hermann that the only trustworthy determinations of the 
mouth tone are those obtained by actual whispering, singing or speaking. 
Whispered vowels were examined by Bonders, Helmholtz and Her- 
mann. 

The pitch of the mouth tone has been studied in a different way by 
Lloyd. The mouth, as an excentric cavity, would naturally have two 
resonance tones : the tone of the " porch " or narrow front part, and the 
tone of the *' chamber " or rear part.* A combination of a tube and a 
cylinder can be made to give a vowel-like sound when the sizes are prop- 
erly selected. Lloyd produced various vowel-like sounds and determined 
the tones of the tube and the cylinder. The vowel -character of a sound 
is, according to Lloyd, essentially determined by the relations of pitch 
between these two tones, or among several tones when there are more 
than two. 

Lloyd* has also mapped out the forms of the mouth cavity involved in 
different vowels and has calculated the tones to which they would res- 
onate. Thus for the vowels in the following words he has calculated the 
resonance tones as indicated : piece 2816, /// 2500, rein 21 12, there 1508, 
man 1431, half \o%2, law 834, note 623-444, //// 528, blue 314- 

Another method used in seeking the mouth-tone consists in analyzing 
the curve of vibration representing the vowel into a series of curves repre- 
senting simple tones and determining which of these tones above the 
voice tone is apparently the loudest. 

A simple tone is defined as one for which the deviation of ^*^*-' "^^" 
terial particle from its position of rest is given by an expression of the 
fonn 

2T.t 

y^ a sin ^ 

where/ is the deviation at the moment /, a the amplitu^ie or |^^^ 
value of j^, and rthe time of one complete vibration of the P^^^'^^^ ,, ^^^^ 
its positive and negative phases. A curve of this kindJsj^f^^f_L. ^' 

» Hermann, Phimopho/ographischeUntersuchu^en.Xich, f d. ges. Physio . ugcr j, 

1890 XLVII 374. ^. ,-^ ,,, 

• T ^ \ • ^v»*» Studicn, 1890 III 

* Lloyd, Speech sounds ,- (heirnature and causation, Phonctiscne 

275, 278; 1890 IV 39; 1891 V 125. 
•Lloyd, Proc. Roy. Soc. Edin., March 1898. 
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soid " or a '^ harmonic '' and such a vibration is said to b^ sinusoidal or 
harmonic. The exact expression for such a vibration must give the phase 
from which the values of / are measured ; this is done in 



. / 27r/ \ 



where e indicates the time between /so and the next preceding moment 
when ^ = o. 

A number r of sinusoids superimposed give a vibratory movement in 
which 

It can be proven that any single-valued finite periodic function with 
the period 7* can be expressed by a series of sinusoids whose periods are 
7*, 7/2, 7/3 ••• This is generally known as Fourier's theorem.* The 
analysis of such a function into a series of sinusoids is known as the 
Fourier analysis. 

Likewise a number of sinusoids may be added to produce a vibration 
resembling some given curve. Such a synthesis can be performed by 
machines constructed for the purpose, for example, the machine of 
Preece and Stroh' or that of Michelson.' The curves produced by 
Preece and Strgh somewhat resemble the curves of vowels, but so dis - 
tantly that they indicate the impropriety of considering a vowel curve as 
a sum of a series of harmonics. 

A vowel curve gives by the Fourier analysis a series of sinusoids of 
various amplitudes.* Those of greatest amplitude are assumed to be the 
most prominent tones in the complex tone of the vowel. It is also as- 
sumed that the one or more stronger tones after the fundamental are the 
tones of the mouth. 

As an objection to this method we are entitled to say, that the Fourier 
analysis is in this case a means of representing a vibratory movement by 
a formula. We may add that it is nothing more than an interpolation 
formula by which the value of y can be found for any desired instant of 



1 Fourier, Theorie analytique de la chaleur, Ch. Ill, Paris 1822. 

* Preece and Stroh, Siudiei in acoustics, I. On the synthetic examination of vowel 
sounds y Proc. Roy. Soc. London, 1879 XXVIII 358. 

^MiCHELSON, A ne7v harmonic analyzer ^ Amer. Jour. Sd., 1 898 (4) V 1. 

^ The scheme for the computation and various essential practical devices are given by 
Hermann, Phonophotographische Untersuchungen^ Arch. f. d. ges. Physiol. (Pflttger), 
1890 XLVII 47. 
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time. It is merely one case of a more general method^ of interpolation 
by a periodic series ; it is thus considered in works on the adjustment of 
measurements.' 

Such an interpolation formula remains simply a mathematical tool un- 
less it is found to express the actual nature of the phenomenon measured. 
It has been assumed by practically all writers, that all musical sounds are 
really combinations of a series of sinusoidal partial tones : for example, 
it can be readily demonstrated that a violin string vibrates not only as a 
whole, but also in halves, thirds, quarters, etc. It is also presumably 
true that each of these parts produces a sinusoidal vibration of the air. 
Thus, the peculiar tone of the violin is presumably really the sum of a 
series of approximately sinusoidal tones. The Fourier analysis in such 
a case undoubtedly expresses the nature of the tone. 

In the case of sung vowels the assumption that the vocal cords vi- 
brate like reeds, and the further assumption that the mouth acts as a res- 
onator reinforcing one or more of the partial tones of the cord would 
justify the use of the Fourier analysis for finding the partial tones of 
the voice-tone and also the tones reinforced by the mouth, provided these 
assumptions were proved to be correct. 

The vocal cords are certainly to be treated as membranous reeds. In 
the main their vibrations can be supposed to follow the usual laws. 

The other assumption, that the mouth acts also as a resonator to rein- 
force some of the partial tones of the cord vibration, is certainly not 
justified (p. 73). The main effect of the mouth is to impose a vibra- 
tion of its own upon the vibration coming from the cord. The rein- 
forcement of partial tones may possibly be present, but it is certainly not 
prominent. The Fourier analysis would be applicable only if the 
mouth tone were coincident with one of the partial tones of the voice 
tone ; this is, at least generally, not the case in song, as has been indi- 
cated by Willis, Bonders and Hermann, and is certainly not the case 
in speech as is proven by my curves for a. With a mouth tone not coin- 
cident with a partial tone the Fourier analysis may, in a vowel of con- 
stant pitch, indicate a reinforcement of the nearest partial vibration, or 
it may show reinforcement of the two nearest partials above or below. 
The analysis can thus be used to indicate the approximate pitch of the 
mouth tone in such a case, although it may not coincide with a partial of 
the voice tone.' 



» Gauss, Theoria interpolation^ met ho Jo nova tractata, Werke III 265, 1 876. 
«Weinstein, Physikalische Maassbestiramungen, I 486, Berlin 1 886. 
•Hermann, Phonophotog^aphische Untersuchungen, Archiv f. d. gcs. Physiol. 
(Pflilgcr), 1894 LVIII 276. 
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With vowels of changing pitch, as in my examples of a, any attempt to 
apply the Fourier analysis would be an absurdity. In this vowel the 
pitch of the voice tone changes from vibration to vibration. The analysis 
would be thus utterly different for each vibration and would indicate a 
different mouth tone every time, whereas the reonance vibrations can be 
seen in the curves to remain constant. 

It is aft imaginable hypothesis that, since the period of the voice tone 
in a rising or a falling vowel is not the constant T but some value /(/) 
which steadily changes, we might make an analysis into a series of sinu- 
soids whose periods change likewise. We would thus have 

/ 2T.nt 






The expression for /(/) would differ for different vowels. Such an 
analysis might accurately represent the case when a musical sound com- 
posed of a fundamental with overtones is reproduced on a phonograph 
whose speed is constantly accelerated. It might also be applicable to the 
analysis of a glide produced on a musical instrument like a violin. The 
curve, however, would be of the same form in each period, which — as 
DoNDERS first pointed out and I have abundantly shown — is not the case 
in the vowels. 

Other methods of finding the pitch of the mouth tone may be used. 
The method that suggests itself at once is simply that of measuring the 
length of a wave of the mouth tone. This could best be done in my 
curves by measuring the length of a set of waves and dividing by the 
number ; though the measurement could not be made to a finer unit than 
o. 1°^ this reduces the error for a set of 5 waves to \ of o. i°"°, or 0.02™". 
This method is applicable only when the vowel curve shows regular vi- 
brations within a single period of the voice tone. When the curve shows 
irregular or complicated vibrations, some other method would be used. 

Hermann has used three other methods : ( i ) the centroid method, ( 2 ) 
the method of proportional measurement, and (3) the counting of the 
vibrations when they exactly fill one period of the voice tone.^ The last 
method amounts to the same thing as mine for a particular case. The 
proportional method is also practically the same for other cases. The 
centroid method seems to give only approximate results.* The term 
*' centroid*' seems to me preferable to ''center of gravity** used by 
Hermann. 

* Hermann, Phonophotographische Untcrsuchtingen^ Kt<^. f. d. ges. Physiol. (Pflil- 
ger), 1890 XLVII 359. 

2 Hermann, Phonophotographische Untenuchungen^ Arch. f. d. ges. Physiol. (PflQ 
gcr), 1893 LIII 51 ; 1894 LVHI 276. 
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Of all the methods and investigations employed for determining the 
mouth tone those of Hermann ^ are entitled to by far the weightiest con- 
sideration. He finds for u (00) two tones, one in the first part of the 
first octave and one in the second octave, for e? (au), and a a tone in the 
second octave which rises in pitch as o changes to a, for a and i a tone in 
the second octave and one in the third octave, for 3, ii and / a very high 
tone which is in the middle of the third octave for 0, at the end of that 
octave for ii and in the fourth octave for /. The octaves are numbered in 
the German fashion, middle c being in the first octave. The resonanr:c 
tones for my examples of a and / are given on pages 55 and 56, and those 
of some other vowels in Section III. 

These data give only the approximate regions in which we may expect 
to find the mouth tone. It is unquestionably true that within these regions 
the mouth tone will vary for different dialects and different conditions of 
speech. 

The mouth tone need not be a fixed one though it is generally so. A 
rise and fall of the mouth tone might readily be used as a factor of ex- 
pression in speech. Several examples of such changes have been given 
in Section II. 

It seems fairly well established that in addition to the cord tone there 
may be several resonance tones from the mouth cavity. Li.ovp dis- 
tinguishes at least two : that of the front part of the mouth (the \Kfr^M 
resonance) and that of the whole mouth (the fundamental resonance),' 
There inay be also a resonance tone from the pharynx.'* The varwi* 
vowels arise from different "radical ratios" between the porch Ufm 
and the fundamental mouth tone,* while it is possible to change Ike 
pitch of both to some extent. Various other tones may arise frcm Ike 
configuration of the mouth and the coexistence of the tones jliud/ 
mentioned.* 

Although Lloyd's supposition of the possible presence of aMMMf ^ 
resonances in the mouth cavity* may be partly justified, yet Ofle m mem 
'"esonances must far exceed all others in prominence in order $0 fMiMte 
the constancy in form and period of the resonance vibrztiatt^ MtB tB tke 

1 Hermann, Phonophotographische UntersuchungeUy Arch. f. d. fJM^ f^pM^ 'f^V 
K^r), 1894 LVIII 270. ^_ 

* Lloyd, Speech sounds; their nature and causation^ Phonet. ShlA« mf0 fit ^rt 
•Lloyd, Speech sounds ; their nature and causation^ Phonet. StSMi^p^pP I» *>< 

^l«oa note in Proc. Brit. Assoc, 1 801 p. 796. 

* Lloyd, Speech sounds ; their nature and causation^ PhoneL SImL^ ^P^ " 5* 
^Same, 207. 

* Lloyd, Speech sounds ; their nature and causation ^ PboocC WtKm^^0^ *'* if' : 
1891 IV 52, 206. 
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curves examined in Section II. It is doubtful if there are more than 
two resonances of the mouth that are of any noticeable strength ; as ex- 
plained above (p. 83) the air in a resonance cavity acts as a spring 
whose period depends on the size while the form of the cavity is imma- 
terial for the chief resonance tone. We must add that, although the 
additional resonance tones and the overtones of the cord tone may not 
appear in any record, they undoubtedly give characteristic colors to the 
final result. 

The importance of the pharyngeal resonance has been strongly empha- 
sized by Marichelle.^ 

This author maintains the following theses : A, The capacity of the 
buccal resonator does not exercise a characteristic influence on the pitch of 
the vowels. The statement that the mouth cavity in front of the elevation 
of the tongue has no influence is based on an experiment in filling the cav- 
ity of the palate with wax and finding that the vowels O and OU ozsa still 
be pronounced. Compensation for the size of the resonating cavity by 
change in the lip opening is avoided by forming the opening in a card 
placed before the mouth. These experiments seem to me too inaccurate 
and so contrary to our knowledge of the action of resonating cavities that 
we cannot accept them. Moreover, a vowel like O is — to my ear at least 
—distinctly modified in expression by any change of the mouth cavity 
although it still remains an O until the change is a great one. This can 
be conveniently tested by inserting two fingers in the mouth ; the O 
changes in expression and can be readily made into an C?6^by the proper 
manipulation. B, The dimension of the lip opening constitutes only a 
general vague and unstable indication of the vowel. C. The separation 
of the jaws does not sufficiently characterize the vocal sounds. D, The 
displacement of the tongue forward or backward furnishes no precise and 
essential information on the character [timbre] of the vowels. It is 
possible to produce all the vowels with practically any position of the 
tongue. ** Here again the physiological description, as comprehended 
generally, gives only accessory facts and no characteristic ones. * * These 
three statements are true in a vague way but they do not prove that the 
vowel character is independent of these factors ; the vowels undoubtedly 
depend essentially and directly on them. Marichelle's point, however, 
seems to be that the essential factor is the size of the resonance cavity 
and not its exact form ; and in this he is presumably correct. 

According to Marichelle three distinct regions of the mouth are used 
in forming vowels : i. the anterior tongue -palate cavity ; 2. the pos- 

> Marichelle, La parole d'apr^s le trac6 du phonographei 27, Paris 1897. 
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terior tongue-plate cavity ; 3. the lip opening. The characteristic tones 
are modified by a, the nature of the walls, whether soft or hard ; b, the 
capacity of the posterior resonator ; c, the degree of opening of the 
tongue-palate orifice ; d, the lip opening. 

Marichelle seems to be quite correct in insisting on the importance 
of the posterior cavity ; it is the one into which the vibrations of the 
cords pafls immediately and it undoubtedly acts as a strong resonator. 
It would be somewhat rash, however, to say that the most prominent res- 
onance vibration comes from this cavity. It may be suggested that the 
vowel is a complex of resonance tones of which the pharyngeal tone 
would be one, the anterior mouth tone another, and so on. 

The assumption of Pipping* that the chief resonance tone of the 
vowels may be derived from the resonance of the chest seems to have 
little justification. The tone of the chest is a low one — my own has a 
frequency of about too complete vibrations a second — as can readily be 
determined by singing the scale; the chest resonance occurs only on 
very low notes. Its low pitch can also be heard by tapping the chest as 
in auscultation. The chest possibly resonates when very low tones are 
sung or spoken, but the pitch of ordinary speech is generally quite above it. 

I believe we shall not go very far wrong if we assume that the entire 
mouth cavity may give rise to one resonance tone, the rear portion 
(pharyngeal) to another and the anterior portion to a third. Such an 
assumption has been made the basis of my attempt on p. 56 to explain 
the formation of a/. 

VI. The cord tone in vowels. 
Simple tones have three fundamental properties : pitch, intensity and 
duration. The so-called ''timber" is not a property of simple tones, 
but the resulting effect of combinations of tones. In the present section 
it is proposed to discuss the cord tone in various vowels in regard o 
pitch and intensity. For this purpose only the fundamental tone of t e 
vowel will be considered and no regard will be paid to the particular 
form of the curve resulting from the overtones of the cord tone and e 
superposition of the resonance tones. We will also assume that the 
vibration of the cords involves the usual supposition that the *^^^ 
attraction to the position of equilibrium varies as the distance from tl»t 
position. In such a case we can represent the fundamental tone Dy c 
equation 

y ^ F {t) ^m ^^^^ 

» Pipping, Zur Phonctik d.Jinnischen Sprache, M^ra. dc la Social* finiuMiiVienfw-, 
XTV, Helsingfors 1899. 
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where /(/) is the expression for the period of the vibration and -^(/) 
that for the amplitude. In this general expression the period and the 
amplitude may be constant or may vary with the time. 

The pitch function. 

A vowel during whose course the pitch remains constant can be said to 

be of ** sustained *' pitch. If 7" is the period of vibration of the cords, 

we have in the ideal case 

iT'/'^N • 27r/ 
y^ F{t) sm—. 

Vowels of sustained or constant pitch are not very common in the 
cases I have studied. Most vowels seem to rise or fall, yet some of them 
are approximately constant. The vowel / as found in sec, needle, ai, etc. , 
is approximately a sustained vowel although it generally falls slightly. 
The following measurements of / in see are typical : 2.3, 2.3, 2.4, 2.4, 
2.8<^ ... to the 22d vibration, 2.4*' to the 42d vibration, 2.i<^ to the end 
at the 64th vibration. 

The rather unusual case of two vowels of sustained pitch forming a 
diphthong is found in the word my of the phrase With my bow and arrow. 
The a has a constant period of 5.6'' and the / that of 3.6*^ . The a has 
also a constant amplitude of 0.4"°*; the /, beginning with 0.5*"°*, falls 
to o as usual in ai at the end of a word (see Section II.). 

The diphthong ai is of nearly constant pitch throughout most of its 
length in the two cases of thy (Figs. 62, 67). 

Nearly all vowels in the earlier parts of words in the record studied (p. 
14), whether preceded by a consonant or not, are characterized by a ris- 
" ing pitch. In such a case the period is not a constant T but a function 
of the elapsed time, /(/). Atypical example of this kind of vowel is 
found in the a of ai (Section II.). A determination of the particular 
form of /(/) for various vowels is a highly important matter, as different 
vowels and different manners of speaking are possibly characterized by 
different forms of this rise in pitch. Some of the cases of a suggest the 
form /(/) = y^e*"*, a formula which expresses many of the phenomena 
found in nature. 

When the rise in pitch (decrease in period) is proportional to the 
elapsed time, we have 

where T^ is the period of the first vibration and m the factor of propor- 
tionality. Such a vowel is found in the a of the 4th example of /above 
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(p. 28 and Fig. 29). During an interval of iSo*' its period is shortened 
by 5.5* , or at the rate of 0.03/. Its cord equation on the suppositions 
made above would be (in seconds) 

y SB F{f) sin 



9 — 0.03/ 

In the latter portions of words the vowels in the records I have exam- 
ined are generally nearly constant in pitch, with often a slight fall as the 
intensity decreases. Typical examples are found in the cases of /' in ai 
(Section II.). This slight fall in pitch need not necessarily indicate a 
relaxation in the tension of the vocal cords ; as the force of the expired 
current of air decreases, the frictional forces involved in the cord vibra- 
tion may gradually lengthen the period. Yet the amount of fall is gen- 
erally too great to be due to anything but a relaxation of the cords. 

The amplitude function. 

The intensity of a sound wave is to be defined as the amount of work 
performed by the passage of the wave through a unit surface in a unit 
time. It is directly proportional to the square of the amplitude and in- 
versely proportional to the period. Complete calculations of the inten- 
sity of vowels under various circumstances may eventually be made ; in 
the present investigation, however, the amplitude has been taken as the 
most convenient index of intensity. 

In the records studied I have rarely found a vowel with a constant am- 
plitude. Vowels at the beginnings of words show invariably a rise in 
amplitude. This rise may continue until the vowel ends in some other 
sound. Such is the case in a of ai (Section II. ), and in a of ami in thread 
and needle. Most vowels, however, rise to a maximum and then fall ; 
as is typically illustrated xn d (p. 67). Such vowels might possibly be 
called circumflex vowels. Even in the middle of the word the vowel has 
a tendency to the circumflex form, as is well shown in most cases of the 
/ of ai. The rise and fall may be quite elaborate as in the case of the 
doubly circumflex vowel of boiu ; this long 0^ however, might with 
propriety be considered a molecular union of two <?'s in succession. 

In a vowel of constant amplitude represented by the sinusoidal vibra- 
tion we would have f(J^ = a and 

27r/ 

y = (Z sm , - . 
In a rising vowel F{t^ might take some such form as ////, whence we 

2 Tt 

would have V = mt sin -T--^- . 

/(O 
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In a circumflex vowel we may assume the amplitude to be of sinusoid 
form whereby 

F{t) = ^ sin — 



and 



_ . 2T:t . 2T:t 



where E would be the maximum amplitude and s the length of the vowel. 
When the pitch is constant the curve will have the form 



2'Rt 2nt 

sin 



y=i -ffsin— si^ j, 

I have found one vowel, a in said in the line /, said the sparrow, that 
can be with close approximation considered as a circumflex vowel of 
constant pitch. Its equation is (in seconds and millimeters) 

2TZt 2'!Zt 

^ =s 0.5 sm — sin 



0.108 0.0053 

It does not All a complete period of circumflexion as it is suddenly 
cut short by the s of sparrow. 

Among the hundred or so English vowels that I have inspected, I have 
been unable to find one that can with any close approximation be con- 
sidered as steady in intensity and constant in pitch. Thus a vowel of 

2'Kt 

the form ^ = a sin — must be a rare one. Some vowels during part of 

their course are of this form, but a change of some kind seems character- 
istic at some moment. Even such approximations have been found only 
in the interior of words, that is, with boundaries of consonants or of vow- 
els with the vocal organs already in action. It seems to be the rule in 
English that a vowel following a pause shall be a rising or crescendo one, 
and one preceding a pause shall be a falling or diminuendo one. 

Sequence of cord tones. 

There seems to be for a particular voice on a particular occasion cer- 
tain tones around which the cord tones group themselves. Boeke found 
that in ordinary speech his cord tone ranged from 181 to 256 complete 
vibrations.* 

In the first stanza of Cock Robin the general tone seems to be one with 
a period of 5.3*^ (about 190 vibrations). 

1 Boeke, Mikroskopische Phonegrammstudien^ Arch. f. d. ges, Physiol. (Pflilger), 
1891 L 297. 
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Id addition to tiis a tone with a period of ^.o" (about 143 vibia 
tionsy maVing a mTSCid interval of a fourth below the gcMicral tono) has 
a tendency to appear ias the sonants of lower pitch and another tone wiili 
a period of i.S' (abont 560 Wbrations^ making a musical interval ol a 
duodccime above the general tone) for the sonants of higher piti h. 

The periods of the varioos sonants, as far as I have been able to deter 
mine them in this stanza, are given in thousandths of a set oiid by the 
nguies below them in the following quotation : 

\Vh o k i Ued C o ck R o 1) i n 
11 1.8 4.2 1.8 5.3 5.6 8..J 

I, s ai d th e sp a rr ow, 
18 to 4 5-3 5-3 5-3 2. «5-' 

W i th m y bow a nd a 11 ow 

5-3 2.1 5-3 5-6-3.6 7.0 5.3 .\,2. !.^\ 7 .. 

I k i lied C o ck R b i n. 

12 to 4 5.6 7-0^05.3 3.9 3.0 .J..' S.O S.K 

It may be suggested that the melodiousness of s) •(•<•( h must depend to 
a great degree on the musical sequence of tlie ( oid and icsonanc e tones. 

VII. Verse-analysis of the ist sian/a ok ('«•( k KnmN. 

As stated on p. i these researches were be^nn in order to settle the 
controversy in regard to the quantitative ( liaractei of lin^dish verse. A 
nursery rhjTne was selected as being verse in the judgment of all classes 
of people for many ages. When conij)ared with some of what many of 
us now consider to be the best verse, it sliows various defects, but these 
defects are typical of the usual deviations from our j)resent standards and 
are, moreover, not defects according to otlier standards. It is also a fac i 
that our notions of verse are largely deri\ed from the rhymes heard in 
childhood. 

An analysis of the sounds of the first stan/a is given in the four tables 
on the adjacent pages. 

The first column gives the sounds in the phonetic transcription used by 
ViETOR.* The second column gives the duration of each sound as de- 
termined by measurements of the curves in the records as described on 
p. 13. The third column gives the period of the cord tone, and the 
fourth gives the amplitude of the vibration in the tracing (p. 20), not 
the amplitude of the vibration on the gramophone ])late or of tlic move- 



>ViETOR, Elemente der Phonetik, 3. Aufl., Leipzig 1894. 
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Line i : Who killed Cock Robin f 
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Very short sound, not distinguishable in the- 
record, not over lOo- in length. (Compare with h 
on p. 60. 

Forcible vowel, large amplitude in earlier por- 
tion, rises somewhat in pitch, average period 3.3. 
Compare with u on p. 63. 

Appears in the record as a straight line. 

Long vowel, large amplitude throughout, double 
circumflex in amplitude (p. 93). The high pitch 
of this t is in contrast with that of killed in the 4th 
Mne (below) 

Compare p. 65. 

No sound of d can be heard in this record ; the 
record plate speaks ** Who kill Cock Robin ? " 

Appears in the record as a straight line. 

Rises somewhat in pitch to 4. 2 in the main por- 
tion, weak on account of lowness in pitch. 

The vibrations of the & are suddenly cut short 
by a few vibrations of a different form that rapidly 
decrease in amplitude. In listening to the record 
plate^the ear hears no glide between & and h ; the 
word seems to be simply and distinctly k&k and 
not k&Ak. This glide seems to be, to the ear, an 
essential part of the k. The cords are still vibrat- 
ing while the mouth is changing from the & posi- 
tion to the k position. 

Straight line measured from • to r / there is no 
|)ause between k and r. 

Ytry distincUy and heavily rolled r; pseudo- 
beats are apparent. Compare p. 69. 

Of very low but constant pitch ; steady rise in 
intensity till the vowel is cut short by d ; forcible 
on account of length and amplitude. 

Straight line frx>m d to f. Compare p. 67. 

Short but distinctly heard ; weak on account of 
shortness, lowness and faintness. 

Falls in pitch and amplitude. 



Researches in exf eritnenla ' /// 1 nuti t :< . 



Line 2 : /, sa/i/ the sl^tirrow 



J. 






d 

♦ 



- 2 c 
:: c 2 

is 



452 
210 

105 

81 

32 
84 

273 



18 
170 



.i JS "^ C i = 

— S V ■= - — 



I. 
c: 



- £ - 



f s s 
c - — 



18 to 4 0.7 



II 



294 



5-3 

5.3 
> 

5-3 



1-9 
5-3 



2.8 

5-2 



0-5 
0.1 

0.1 

0.2 



if. 
strong 

weak 

weak 



Kl M VKKr^. 



Full analysi-* mj p. i(» : simn;^' l>y Iciii^'ili, i, 
of / and ainplitu«I(-. 

Very brief >i»uinl, no li;uc in rci.<'i<l. 
Rather ion*,' an<1 l.«iiil, l>ut l«»\v in pilcli. 
Pitcli falls fnMn 5. ^ 
Verv weak vjIiimiIimi'^. 



Impossil.lr til <liMmi;ui««h ln-tvvj-L-n the tws 
sound.-* in the ti.uini: ; tin- » i-- li«ar<l as a \i\\*\ 
sound. 

^•4 l>i>lirui >..un<l ililliMi-m li«»in tin- roll..\vinj,^ «/■. 

0.5 strong (.(Mivtiuil \( ly 1..U I'itili I'Ut -leadily iuLiva-in^^ 
aniiilitude ; lalK -jiddinly in intcn-il} «Iuiiii.:4 5" 
to r : no vi.iiiid »»l a«. >.talid in \"ll 1<'1^. J • I'S • 
str«.>nj4 on airnunt «»| len^ili .\\v\ innjilitudc. 

0.2 (.leaily nuuki-'i n il.iali..n-. ; llir r»)llir.L; "l' tin- r 

can lie di'^linl il> lii-.nil ("unipar* p. '"). 

0.6 strong \'cry l-'ti;; >«.\\, 1 ».t\Mn-i;int i-iuh. bill ■>! n-iii;^ 
and llu-n l.dlini.; inlin-il\ i p. <>.^ > ; -ir-ii-j^' bv 
length and anipliiud^- ; i..lli.\ved wiiliuul pi.ii^i.- I'v 
u i)i next lini- 



'l^^ntof the cords. The fifth coliMnn ;4i\c^ wliat 1 consider to l»c the 
*^racter of each syllable, whether stroii- or weak : the jiidLriiieiU i^ 



^*>€d on the sound of the gramuiihuix.' ivionl. aidcil hv a stiulv of the 

The elements in speech whose rhythmical arrangement is the e-sential 
verse as contrasted with prose are : i, 'piality ; 2, duration or lenizth : 
» pitch; and 4, intensity. The element of ijuality consists in the na- 
^^e of the sound as a conijilex of tones and noises |irodii( ing a delmite 
*^ect as a speech-sound. Length, piti h and intensity are pro] Gerties of 
^« speech-sound that can be varie«l without destroying its >j,ecific natuie, 
^ ^at is, without changing the (piality. These four elements t an l.)e varwd 
^dependently. 

It seems to be sufficientlv well settled that, in addition to variatiomof 
^iviahty, that is, of the speech-sounds, the essential change in Greek 
^*as one of pitch. I have obsor\cd a similar i harat teristic in 
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Line 3 : With my bow and arrow. 
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Remarks. 



strong 



Amplitude rises from o. 

Circumflex sustained vowel ; compare p. 94 ; 
strong by pitch and amplitude. 



strong 



weak 



Both parts of this diphthong are nearly constant 
in pitch and amplitude ; compare p. 92 ; strong 
by length and amplitude. 

My is followed by a brief rest in order to bring 
out the 6 distinctly. The d makes no curves in 
the record. 
o«4 I strong . Extremely long vowel of very low pitch with 
! ' two maxima of intensity ; it might be considered 

as a close succession of two ^'s ; compare p. 93 ; 
strong by length and amplitude. 
I The a begins at a very low pitch 7. 7 and rises 
I Steadily to 5.3, which is maintained throughout 
I the n. The form of the curve for a differs from 
I that for n, yet the change is so gradual that it is 
impossible to assign any dividing line. 
I Straight line in the record. 

This extra vowel arises from the attempt at ex- 
tra distinctness in speaking. 

Strong by length and pitch. 
I Rolled r, brief. 

A single vowel of circumflex intensity ; com- 
pare p. 93 ; strong by length and amplitude. 



strong 
strong 



verse. Probably no better way of getting an idea of the nature of 
Greek verse could be found than that of listening to typical Japanese 
verse. I have also found another form of pitch-verse in a kind of poet- 
ical dictionary used by the Turks for learning Persian. 

Latin verse was essentially a time-verse, the chief distinction among 
the syllables being that of length in addition to the change in speech- 
sounds. 

English verse is usually considered to be an intensity- verse, or a verse 
of loud and soft syllables. The four tables show quite evidently that 
English verse is also a pitch-verse and a time-verse. 

It may be said that in all probability changes of length and intensity 



Researches in experimental phonetics. 



99 



Line 4 : / killed Cock Robin, 
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Full analysis on p. 22 ; strong by length, pitch 
of t and amplitude. 

Straight line in the record. 
I It is impossible to assign any definite point as 
the limit between these two sounds ; weak, low t 
I in contrast to the t in the first line above. 

This (/ is distinctly heard ; compare d in first 
line above. 

' Additional vowel due to the extra distinctness 
I in speaking the (/ ; it arises from the explosive 
opening of the mouth ; the pronunciation of the 
i word killed is different from that in the first line 
I chiefly in the great difference in pitch and in the 
greater distinctness of the d. 
Straight line in the record 
Pitch rises from beginning to end. 
I See the same word in the first line above. 
Straight line in the record. 
The r is more vowel-like than the correspond- 
I ing r in the first line ; the strong roll is not heard; 
the curve of ro very much resembles in period and 
amplitude the curve of an ai in thy (Fig. 61) 
: turned backward ; the period of the cord lone is 
practically constant ; the resonance tone of the 
mouth undergoes a continuous change ; any as- 
signment of a limit between the two sounds must 
be somewhat arbitrary ; the sound ro is strong by 
length, pitch and amplitude. 

The b cuts off suddenly the sound of 0. 
The ;■ is heard, but not so distinctly as in the 
first line above. 

Weak, low, diminuendo. 



went along with the changes of pitch in Greek verse but that they were 
of minor importance. Perhaps, also, changes of pitch and intensity 
likewise accompanied the long and short syllables in Latin verse. But I 
do not think that for English verse we can fully accei)t the analogous 
statement that, although the changes in pitch and length may be present, 
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they are quite subordinate to the changes in intensity. It would, I be- 
lieve, be more nearly correct to say that English verse is composed of 
strong and weak, or emphatic and unemphatic syllables and that strength 
can be produced by length, pitch or intensity. 

The usual scansion of this stanza in strong and weak syllables would 
give 



The three elements : length, pitch and intensity, are all used to pro- 
duce strength. Thus the forcible vowel u in Line i is long and moder- 
ately high and loud. 

The strength of a syllable may be kept the same by increasing one of 
the factors as another one decreases. The vowel o of Robin in Line i 
is strong on account of its length and intensity, although its pitch is low. 
A syllable necessarily short may be made as strong as a longer one by 
making it louder or higher; or a syllable necessarily of small intensity 
may be strengthened by lengthening it or raising its pitch. Thus, the 
short / of With in Line 3 is strong on account of its high pitch and large 
amplitude ; and the weak a of arrow in Line 3 is strong on account of 
its high pitch and its length. This might be called the principle of sub- 
stitution. 

An increase in the loudness, length or pitch of a syllable renders it 
stronger — other things being equal. Using the symbol / to indicate 
dependence we may put w=/(^,j', 2), where m is the measure of 
strength and x, y and z are the measures of intensity, length and pitch re- 
spectively. This might be called the fundamental principle of strength. 

The study of this and other specimens of verse has made it quite clear 
that the usual concept of the nature of a poetical foot is erroneous in at 
least one respect. Lines in verse are generally distinct units, separated 
by pauses and having definite limits. A single line, however, is not 
made up of smaller units that can be marked off from each other. It 
would be quite erroneous to divide the first stanza of Cock Robin into 
feet as follow. 

Who killed|Cock Rob|in ? 

I, said lhe| sparrow. 
With my bowjand ar|row 
I killedlCock Rob|in. 

No such divisions occur in the actually spoken sounds and no dividing 
points can be assigned in the tracing. 
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The correct concept of the English poetical line seems to be that of a 
certain quantity of speech-sound distributed so as to produce an effect 
equivalent to that of a certain number of points of emphasis at definite 
intervals. The proper scansion of the above stanza would be : 

Who killed Cock Robin ? 

• • 

I, said the sparrow, 
With my bow and arrow 

• • 

I killed G>ck Robin. 

The location of a point of emphasis is determined by the strength of 
the neighboring sounds. It is like the centroid of a system of forces or 
the center of gravity of a body in being the point at which we can con- 
sider all the forces to be concentrated and yet have the same effect. The 
point of emphasis may lie even in some weak sound or in a mute con- 
sonant if the distribution of the neighboring sounds produces an effect 
equivalent to a strong sound occurring at that point. Thus the first 
point of emphasis in the third line lies somewhere in the group of sounds 
mybaWy probably between y and o. 

With this view of the nature of English verse all the stanzas of Cock 
Robin can be readily and naturally scanned as composed of two-beat or 
two-point lines. 

It is not denied that much English verse shows the influence of quanti- 
tative classical models, but such an influence is evidently not present in 
Cock Robin. 

Thanks are due to Prof. Hanns Oertel who has very kindly read most 
of the proof of this article ; he has enriched it by various suggestions 
particularly in regard to the // discussed on p. 60. 



OBSERVATIONS ON RHYTHMIC ACTION* 

BY 

E. W. Scripture. 

Two entirely different forms of regularly repeated a ction are to be 
distinguished. In one form the subject is left free to repeat the move- 
ment at any interval he may choose. This includes such activities as 
walking, running, rowing, beating time, and so on. A typical exper- 
iment is performed by taking the lever of a Marey tambour between 
thumb and index finger and moving the arm repeatedly up and down ; 
V /^ the recording tambour writes on the drum the curve of movement. An- 
other experiment consists in having the subject tap on a telegraph key 
or on a noiseless key and recording the time on the drum by sparks or 
markers. Other experiments may be made with an orchestra leader's 
baton having a contact at the extreme end, with a heel contact on a shoe, 
with dumb-bells in an electric circuit, and so on. For this form of ac- 
tion I have been able to devise no better name than ** free rhythmic 
. y action.*' 

In contrast with this there is what may be called ** regulated r hythmic 
action/' This is found in such activities as marching in time to drum- 
beats, dancing to music, playing in time to a metronome, and so on. A 
typical experiment is that of tapping on a key in time to a sounder- 
click, the movement of the finger being registered on a drum. 

Regulated rhythmic action differs from free rhythmic action mainly in 
a judgment on the part of the subject concerning the coincidence of his 
movements with the sound heard (or light seen, etc.). This statement, 
if true, at once brushes aside all physiological theories of regulated- rhyth- 
mic action. One of these theories is based on the assumption (Ewald) 
that the labyrinth of the ear contains the tonus-organ for the muscles of 
the body. It asserts that vibrations arriving in the internal ear affect the 
whole contents, including the organ for the perception of sound and the 
tonus-organ. Thus, sudden sounds like drum-beats or emphasized notes 
would stimulate the tonus-organ in unison, whereby corresponding im- 
pulses would be sent to the muscles. This theory has very much in its 
favor. It is undoubtedly true that such impulses are sent to the muscles. 
Thus at every loud stroke of a pencil on the desk I can feel a resulting 

' Reprinted from Science, 1899 X 807. 
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contraction in the ear which I am inclined to attribute to the AL tensor 
tympani. Likewise a series of drum -beats or the emphasized tones in 
martial or dance music seem to produce twitching in the legs. Fere has 
obser\'ed that, in the case of a hysterical person exerting the maximum 
pressure on a dynamometer, the strokes of a gong are regularly followed 
by suddenly increased exertions. Nevertheless, these twitchings are not 
the origin of the movements in regulated rhythmic action. For many 
years I have observed that most persons regularly beat time just before 
the signal occurs ; that is, the act is executed before the sound is pro- 
duced. Records of such persons have been published,* but their appli- 
cation to the invalidation of the tonus-theory was first suggested by Mr. 
Ishiro MiYAKE. This does not exclude the use of muscle sensations, de- 
rived from tonus-twitches, in correcting movements in regulated rhyth- 
mic action, although they presumably play a small or negligible part as 
compared with sounds. 

Another argument in favor of the subjective nature of regulated rhyth- 
mic action is found in the beginning of each experiment on a rhythm of 
of a new period ; the subject is quite at loss for a few beats and can taj) 
only spasmodically until he obtains a subjective judgment of the period. 
If the tonus-theory were correct, he should tap just as regularly at the 
start as afterward. 

The conclusion seems justified that regulated rhythmic action is a 
modified free rhythmic action, whereby the subject repeats an act at what 
^^ considers regular intervals, and constantly changes these intervals to 
coincide with objective sounds which he accepts as objectively regular. 

In free rhythmic action there is one interval which on a given oc- 
^^ion is easiest of execution by the subject. This interval is continu- 
^"y changing with practice, fatigue, time of day, general health, exter- 
'^i conditions of resistance, and so on. 

'* It has long been known that in such rhythmic movements as walk- 

. '^^^ running etc., a certain freciuency in the repetition of the movement 

'Viost favorable to the accomplishment of the most work. 'I'hns, to ^o 

-Z}^ greatest distance in steady traveling day by day the horse or the 

'^>clist must move his limbs with a certain freiiuency : not too fast, 

. *^«rwise fatigue cuts short the journey, and not too slow, otherwise the 

^rney is made unnecessarily short. This frc(iuency is a particular one 

^ ^ each individual and for each condition in which he is found. Any 

^Xiation from this particular fre(iuency diminishes the final resuii. 

It is also a well-known fact that one rate of work in nearly every Ime 
^^ peculiar to each person for each occasion, and that each person has 

^ScRirriRE, New I'sycholojjy, 182, Ix)n(lon 1897. 
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his peculiar range within which he varies. Too short or too long a 
period between movements is more tiring than the natural one in walk- 
ing, running, rowing, bicycling, and so on. 

It is highly desirable to get some definitejneasutement -oQhe difficulty 
of a free rhythmical action. This cannot well be done by any of the 
methods applicable to the force or quickness of the act, but it may be 
accomplished in the following manner. 

As a measure of the irregularity in a voluntary act we may use the 
probable error. When a series of measurable acts are performed they 
will differ from one another, if the unit of measurement is fine enough. 
Thus, let x^, x^f '", x^ be successive intervals of time marked off by a 
subject beating time, or walking, or running, at the rate he instinctively 
takes. The average of the measurements, 



_ y, + y^ + '" + 



X 



n 



can be considered to give the period of natural rhythm under the cir- 
cumstances. The amount of irregularity in the measurements is to be 
computed according to the well-known formula : 



^ W + '^i + "• + ^. 

^ \ « — I 



where i\ = ^, — a, 7\^=x^ — a, •••, r^ = .v^ — a. The quantity / is 
known as the ''probable error," or the. '* probable deviation.** The 
quantity 

a 

the '* relative probable error,** expresses the probable error as a fraction 
of the average. 

If all errors in the apparatus and the external surroundings have been 
made negligible, this ** probable error" is a personal quantity, a char.:, 
acteristic of the irregularity of the subject in action. If, as may be 
readily done, the fluctuations in the action of the limbs of the subject 
be reduced to a negligible amount, this probable error becomes a central, 
or subjective, or psychological, quantity. Strange as it may appear, 
psychologists have never understood the nature and the possibilities of 
the probable error (or of the related quantities *' average deviation,*' 
*^ mean error,*' etc.). In psychological measurements it is — when ex- 
ternal sources of fluctuation are rendered negligible — an expression for 
the irregularity of the subject *s mental processes. Nervous or excitable 
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people invariably have large relative probable errors ; phlegmatic people 
have small ones. 

Thus a person with a probable error of 25% in simple reaction time 
will invariably have a large error in tapping on a telegraph key, in squeez- 
ing a dynamometer, and so on. I have repeatedly verified this in groups 
of students passing through a series of exercises in psychological measure- 
ments. I do not believe it going too far to use the probable error as a 
mecmire of a person's irregularity. This is equivalent to asserting that a 
person with a probable error twice as large as another's is twice as irreg- 
ular, or that if a person's probable error in beating time at one interval 
is Tj and at another interval r,, his irregularity is r^ times as great in the 
second case as in the first. This concept is analogous to that of preci- 
sion in measurements. We might use the reciprocal of the probable error 
as a measure of regularity. The positive concept, however, is in most 
minds the deviation, variation or irregularity, and not the lack of devia- 
tion, the non-variability, or the regularity. In the case of the word *' ir- 
regularity" the negative word is applied to a concept that is naturally 
positive in the average mind. 

The irregularity in an act is a good expression of its difficulty. Thus, 
if a person beating time at the interval 7" has an irregularity measured by 
the probable error P and at the interval / a probable error f> it sccius jus- 
tifiable to say that the interval /* is ^ times as difficult as 7\ If 7' is the 

natural interval selected by the subject, then the artificial interval / would 
be more difficult than Ty and we should measure the difficulty by com- 
paring probable errors. • 

It is now possible to state with some definiteness the law ofjjrffit ulty 
for free rhythmic action. Let 7" be the natural period and let its proh- 
aDle error — ihac is, its difficulty — be P. It has already been observed 
(Science, 1896, N. S. IV 535), that any other larger or smaller periotl 
(slower or faster beating) will be more difficult than the natural one and 
will have a larger probable error. Thus any interval / will have a i)rob- 
able error / which is greater than P, regardless of whether / is larger or 
smaller than T. 

Three years ago (Science, as above) I promised a complete expression 
for this law. Continued observations during this time enable me to give 
an idea of its general form. The results observed can be fairly well ex- 
pressed by the law 
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in which T is the natural period, F the probable error for T, t any arbi - 
trary period, p the probable error for t and c a personal constant. 

This may be called the law of difficulty in free rhythmic action. A 
curve expressing the equation for 7^= i.o*, /* = 0.02* and ^ = i is given 
in the figure. 
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It will be noticed that periods differing but little from the natural one 
are not much more_jdifficult and that the difficulty increases more rapidly 
for smaller than for larger periods. 

In plotting this curve I have assumed unity as the value for all personal 
constants. The personal constants will undoubtedly vary for different 
persons, for different occasions and for different forms of action ; an inves- 
tigation is now in progress with the object of determining some of them. 

In case it is desired to know what periods are of a difficulty 2, 3, •••, 
n times that of T', a table of values for / may be drawn up in the usual 
way and that value for t sought (with interpolation) which gives for 
/ a value 2, 3, •••, n times as great. Thus, in a table for the above ex- 
ample it is found that the periods 0.38' and 2.6* are twice as difficult. 

This law can be stated in another form which is of special interest to 
the psychologist. To the person beating-time a period of o is just as far 
removed from his natural period as one of oc ; both are infinitely impos- 
sible. The objective scale does not express this fact ; objectively a period 
of o is as different from a period of i' as a period of 2' would be. Simi- 
lar considerations hold good for the lesser periods ; the^jcale^y^ which 
the mind estimates periods is different from their objective scale. This 
difference may be expressed by asserting that the following relations exist 
between the two : 
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where x is the measure on the mental scale, T the natural period, / any 
other period, and c a personal constant. By this formula the various 
p^eriods may be laid off according to their mental differences from the 
natural period. Every difference from the natural period is mentally a 
positive matter. With the mental scale the law of difficulty becomes 

p^P{i+cx) 

where / and P are the probable errors for / and 7" respectively, v is the 
measure on the mental scale and ^ is a personal constant. This is the 
equation of a straight hne. The law states that the difficulty of any ar- 
bitrary period is directly proportional to its mental difference from the 
natural period. This is the statement which I tried to make in the note 
published in Science, 1896, N. S. IV 535. 

This law of difficulty as depending on the period is, of course, only one 
of the laws of free rhythmic action. It is quite desirable that other laws 
of difficulty and of frequency should be determined. I or example, ob 
ser\*ations on crgograph experiments tend to show that the irregularity 
and the natural period both change with the weight moved ; tluy al >(> 
change with the extent of the movement. j 

Such a series of. well established laws might be useful in re^ulatiiiL^ 
various activities to the best advantage. It is already recogni/cd tliat it 
is most profitable to allow soldiers on the march to stej) in their natuial 
periods ; it is also known that on the contrary sudden and tense exertion 
is favored by changing the free rhythmic action into regulated a( tion I'V 
marching in step and to music. More definite knowk-d^'c nii;^ht \>v\ 
haps be gained concerning the most profitable atljustments ol tlu- rhythm 
and extent of movement in bicycle-riding to the i)erson's natural peii(Ml ; 
at present only average relations are followed in the adjustment of* la^k 
length, gear and weight to bicycle-riders, individual and sex diircren(rs 
not being fully compensated. Other examples will sug^^est themselves 

Not only does every simple activity have its own natural rhythms . 

combinations of activities have rhythms that are derived from the sunp » 

ones. In fact, it may be said that the individual, as a totality, »^ ^ 

'arlv, 




ably too slow for some persons and too rapid for others , 
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judged. In practice a raiWay man or a pilot is required to decide for him- 
self which of the lights he sees are red, green and white. An ideal test 
would consist of an immense number of such lights under all the varia- 
tions of brightness, distance, fog, etc. Any concrete test should consist 
in the reduction of this ideal to a convenient form. 

The usual wool test fails in respect to this principle. In practice the 
railway man or pilot is never required to put into a pile all the objects 
that resemble a certain sample. 

The second principle is derived directly from the first one : the ob- 
jects used in the test should resemble the objects in actual practice. Col- 
ored lights would conform to this principle. 

A third principle may likewise be deduced from the first one : the per- 
son tested should be required to name the objects. This is just what he 
does in thinking about the lights he sees when at work ; he decides that 
this one is '* red,'* that one is ''green," etc. 

The judgment of the likeness or unlikeness of colored objects is an 
utterly different matter and involves a different form of mental activity. 
Great trouble and uncertainty arise in the wool test because it demands 
a different form of judgment from that to which the men have been 
accustomed. 

The usual objection to having the colors named arises from the fact 
that such naming is inadmissible in the Holmgren test. 

A fourth principle may also l)e deduced from the first one : several 
colors should be presented simultafieously for comparison. In practice 
the person sees several lights together ; he compares them and decides 
on their colors. The secret of the past success of the Holmgren test 
over the tests of the Donders form with colored glasses lies in its use of 
the principle of comparison. The ideal test would combine this principle 
with the other three in which the Holmgren test fails. 

The color sense tester as first devised * has undergone several changes. 
The principles on which it is based were first published* in outline in 
1899; the foregoing account summarizes them briefly. The present 
account of the first model is reproduced with some changes from an ac- 
count in the Proceed ings of the IV. International Congress of PsycJiology^ 
Paris, 1900. 'I'he second model is here described for the first time. 

The color sense tf:ster (first model). 
In general appearance the color sense tester resembles an ophthalmo- 
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A Itst of iafe call"- vhian. 

On the side toH-ard the person tested. Fij;. i , there arc thrvc wiu- 
Ldows of glass 8'" in diameter, numl>ered i, i and 3 respectively. 
The o])|iosiie side of the tester, fig. t, consists of a movable disk cann- 
ing twelve glasses of different colore. As this disk is turned by the fin- 
f^i of the ojierator the various colore a|i|>ear behind the three windows. 




Al each movement of the disk the subject calls olf the i-ulors seen at the 
windows. Number l carries a very dark smoked glass ; ail colors seen 
through it will lie dark. Number 2 has no gla.HS, showing all colon in 
full brightness. Number 3 carries a light smoked glass. There are thus 
thirty-six possible combinations of the colors. The twelve glasses are, 
however, reds, greens and grays. 

A suitable arrangement of the colors gives direct simultaneous com- 
parisons of reds, greens and grays of different shades. The well-knowo 
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confusion by color-defectives of dark greens with reds, greens with gray, 
etc., are exactly imitated, and the instrument gives a decisive test for 
color blindness. A peculiar advantage, however, lies in the fact that it 
presents reds, greens and grays simultaneously in a large number of dif- 
ferent shades of intensity. The light of a green lantern, as it appears to 
a color defective at different distances, is simulated by the red behind the 
darker gray ; at the same time a white light] is also changed. The color 
defective to whom weak green is the same as gray (white at a distance) 
is confused and thinks that the weakened green is gray (white) and 
the dark gray is green. 

The actual test is performed in the following manner. The tester is 
held before a window or a white surface, but not in the bright sunlight, 
at about 5 meters from the person tested. The operator begins with any 
chance position of the glasses, and asks the person tested to tell the colors 
seen through the three glasses, numbers i, 2 and 3. He answers, for 
example, " number i is dark red ; number 2 i^gray ; number 3 is green. ' * 
The operator records from the back of the tester the letters indicating 
what glasses were actually used. Suppose he finds that A, D and G were 
opposite the glasses numbered i, 2 and 3, he records: A^, dark red; 
^a» g'^y ; ^8» green. The disk is then turned to some other position, 
the colors are again named, and the operator records the names used. 
For example, the result might be : ** number i is dark green ; number 2 is 
white; number 3 is red "; and the record would read : G,, dark green ; 
Jj, white; A3, red. Still another record might give: J,, dark gray ; 
Aj, red ; D,, medium gray. Similar records are made for all com- 
binations. Of course, the person tested knows nothing concerning the 
records made. 

The records can be taken by anyone, and, on the supposition that the 
record has been honestly obtained and that the instrument has not been 
tampered with after leaving the central office, the comparison is likewise 
mechanical. There is none of the skillful manipulation required in the 
wool test and none of the uncertainty attaching to its results. The only 
instruction given to the subject is ** Name the colors " ; the results render 
the decision with mechanical certainty. 

The requirements of simplicity and portability have, I hope, been suc- 
cessfully met ; at the same time the instrument is thoroughly scientific in 
its principles. 

Three colors at a time make a number agreeable to the subject ; more 
would probably distract him. It is a fact well established by experimental 
psychology that under ordinary circumstances the mind cannot well at- 
tend to more than five objects at a time ; the number 3 is within the limit. 
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The kind of comparison required is exactly the kind demanded in prac- 
tice. The pilot, for example, is never required to decide if one color is 
"like** another, but to decide which colors are red, which green and 
which white. The Holmgren test requiring a judgment of "likeness " 
or " unlikeness '' forces the subject to go through a difficult and compli- 
cated mental process. With the color sense tester the subject, seeing 
three colors at a time, passes judgment as to what colors they are. 

The slide shown in Fig. 3 renders it possible to carry out tests quanti- 
tatively after the method proposed by Donders. The slide contains 
holes with the diameters of i, 2, 3, 4, 5, 6, 7, 8""° respectively. Using 
a standard source of illumination and placing the person tested at a given 
distance, the examiner can determine the smallest opening with which a 
certain color, say red, can be distinguished. If the smallest opening as 

determined for the average person be 7? °" and for the person tested r"", 

r 
the sensitiveness can be said to be indicated by 5 = — . The other quan- 

titative test can likewise be readily carried out ; a standard opening, say 
i"" is selected and the person tested is made to approach the instrument 
until he can distinguish the color. If Z>°"° is the average distance found 
and //■" that for the person tested, his sensitiveness can be indicated 

Cases of color defect of the central part of the eye only are generally 
due to the excessive use of tobacco, especially when combined with the 
abuse of alcohol. To detect these cases the slide (Fig. 3) is placed in 




Fig. 3. 

window number 2 of the tester, and the person is required to call off the 
•colors seen through the opening of 1""° or 2°"" while the examiner shows 
them in rapid succession. The rapid succession is needed to allow no 
time for the person to turn his eye sidewise so that the colors fall out- 
side the center. 

The tester can be carried readily in the pocket, and can he used wher- 
ever a light of medium intensity is available. 

When portability is not desired, the tester can be used in front of a 
properly arranged lantern. The ordinary semaphore lantern may be 
readily adapted to the purpose as shown in Fig. 4 by putting a cap and 
a small support in front of the lens. I use a semaphore lantern contain- 
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iiig a sixteen -candle power incamiescenl lamp and s sheet of white glass 
The tester is simplj' laid in the small projecllag arm in frQUt of the I 
glass. The examiuer can see the letters marked on the edge of the tester. 
This form of the test is highly convenient for a permanent station, as it 
is alwa}^ ready with the correct light. 

These testers arc now in use in several places. Otie examiner writes J 
that "the men examined say that this test is more like the signals thejr 1 






are used to seeing every day on the road, and is therefore fairer than lo J 
ask them topick out a lot of delicately tinted pieces of yarn." Vet ihis I 
same examiner relates that he has by means of the tester caught a number J 
of men who slip through the wool test. 

There remains the i]iiestion : Is this test alone sufficient for full pro- 
tection of the traveling public? A proper test should be absolutely | 
reliable. The employment of several tests indicates that none of them is J 
reliable. I l>elieve that the color sense tester is thoroughly scientific in its J 
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character and that it is reliable and decisive. Moreover, I have in my 
experience caught with it a number of men who had passed the wool test, 
and have never found one who passed the tester and yet showed any in- 
dication of color blindness in any way. 

Instructions. 

The following instructions are issued for the use of the examiner : 

The eyes should be examined separately ; a small blinder may, if de- 
sired, be hung over the eye not in use. 

Hold the tester toward a bright surface (a window, the sky or the 
glass of a lantern) directly in front of the person to be examined, at 
a distance of five meters from his eye. The side with the three windows 
should be toward him. Ask him to call off the colors of these three 
windows in their order, beginning at the left window marked i ; thus, he 
is to say " Number i is such or such a color ; number 2 is such or such a 
color; number 3 is such or such a color." You, the examiner, are then 
to notice the letters under the colored circles behind the three windows 
and to note the results on the record blank in the proper spaces. Thus, 
if he answers '* Number i is red ; number 2 is gray ; number 3 is green," 
you look at the back of the tester and find, for example, that glass G is 
opposite number i, D opposite number 2 and A opposite number 3. On 
the record blank you find a line containing in three blank spaces num- 
bered G,, D,, Aj and you write the answers in these places. While 
making the record you will have laid the tester down. You now turn the 
movable disc one or two or more notches either way ; you hold the tester 
before the window and ask for answers as before. In this way you pro- 
ceed until the record blank has been completely filled. A comparison 
of the answers with a list of the actual colors will at once reveal the 
defect if present. When color blindness is present, it is well to write the 
true colors in red ink in the same space with the answers of the person 
examined. 

Occasionally it occurs that the person examined has a central defect 
of the field of vision which affects his perception of the object directly 
looked at if it is small. To detect this defect, place under the central 
window of the tester, the slide having the small holes. Place the i""" 
or 2"" hole in the middle of the window. .Vsk him to call off the 
colors as you turn the movable disc with considerable rapidity. The 
rapidity is advised in order to hinder the person from forming an 
opinion by using a side portion of the eye. 

At the bottom of the blank the decision should be recorded as to the 
good or defective color sense of the person examined. No attempt 
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should be made to state whether an existing defect is due to ** red blind- 
ness*' or *' green blindness" or "color weakness," as such theoretical 
matters are still unsettled, the most common forms of color blindness 
being probably neither fed nor green blindness. The question for you 
to decide is : Can this person distinguish and recognize with absolute 
certainty the lights used in practical service ? The foregoing test will 
give the answer and any further testing or experimenting is a personal 
matter with the examiner. 

Record blank. 
Examination with E. W. Scripture's Color Sense Tester No. 



Place 



IJate 



Name of Examiner 



Name of Person examined 



Age Residence 



Remarks 



E. 
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J, 



Lkkt kve. 
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E. 
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F. 



^', 
I>, 

^■. 

H, 

I, 

J> 

L. 



LKiHT 


KYK 


• 


J, 




G 


K, 




H 


I-, 




Is 


A, 




J3 


B. 
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The examiner must answer the following questions by * * Yes "or '* No. ' ' 

1. Do the results of the tests with large openings indicate safe color 
vision for the left eye ? for the right eye ? 

2. Does the test with the small opening indicate a central defect for 
the left eye? for the right eye? 

The color sense tester (second model). 

The second model of the color sense tester differs from the first in 
providing for a much greater number of combinations of colors. The 
handle supports a brass frame holding a piece of white glass in front of 
which are ten circular holes. This provides ten windows of evenly dis- 
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tributed white light. In addition to this part there is first a disc with 
ten windows of glass of the colors used for signaling. These colors 
are carefully matched with the signal colors and tested by the spectro- 
scope ; the disc is lettered along its edge. Another disc of similar ar- 
rangement carries ten shades of glass from clear glass to the darkest smoke- 
glass that can be obtained. A number is placed on the edge opposite 
each glass. Two diaphragms are also provided. One has five holes of 
the full size of the windows so arranged that as the diaphragm is turned 
in front of the windows each window is at some time compared with every 
other window. The other diaphagm has five holes of i"" diameter ar- 
ranged in the same way. 
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The lantern for this tester may be used with either a small incandes- 
cent electric lamp or an oil light. For permanent testing stations a 
semaphore lantern with an 8 c.p. incandescent lamp of the candle shape 
has been found convenient. The back window of the lamp serves for 
recording results when the room is darkened. In darkness the letters 
and numbers on the edges of the discs are read by lifting the tester 
from its support ; it can be lifted or replaced by a single movement of 
the hand. Usually it will be found sufficient to note only the mistakes 
of the person tested, recording the name given by him and the true name 
of the color. Practice and experience will soon enable the examiner to 
conduct the test efficiently with no other record than the final '* safe " or 

* ' unsafe. * * 

Instructions. 

The instructions for making the test differ somewhat from those with 
the first model. 

The examination should be made in a dark room. The eyes should be 
tested separately ; a small blinder may be hung over the eye not in use. 

Place the lantern on a table at the height of the eyes of the person 
tested and at ten feet (three meters) from him. Place the tester in the 
catches on the front of the lantern. 

Three separate tests are to be made. 

Ik 

First test. 

Use only the disc with the colored glasses and the diaphragm with fiv^ 
large holes. 

Tell the person to call off promptly the colors he sees, beginning with 
the color farthest from all the others or with any one you may indicate 
by covering it a moment with the finger and proceeding around in the 
direction of the hands of a clock. 

Note down any mistakes that are made. Thus, if he calls yellow 
**red," you should note down under the heading of Test I: Yellow 
called red. Confusions between yellow and white are not to be con- 
sidered as mistakes, because the source of light is itself yellow, although 
ordinarily called white. 

Turn both disc and diaphragm irregularly and again call for the names. 
Note mistakes as before. 

Repeat about lo times. 

A person who makes mistakes in this test can be at once declared of 
unsafe color vision without further testing. 

In testing it is well to use as few words as possible. Thus, the instruc- 
tion should be given : ** Name the colors in this order,*' etc. It is also 
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proper to demand, *' What is this color that I cover with my finger for a 
moment/' but it is not proper to ask, *' Is this color red ? *' and the like. 

Second test. 

Use only the disc with the colors and the diaphragm with 5 small holes. 

The test is conducted in the same way as the first test, except in re- 
quiring the answers with great rapidity. 

The object of this test is to detect cases of color defect that are con- 
fined to the central spot of the eye. The naming must be done with 
sufficient rapidity to prevent the person from using the side portions of 
the eye. 

Third test. 

Place the disc with colors first on the axle, then on that the disc with 
smoke-glasses and finally the diaphragm with 5 large holes. 

The test is conducted in the same manner as the first test except in 
turning irregularly all three parts of the tester. 

The ten smoke-glasses give ten shades of each color, and the ten pos- 
sible relative positions of the diaphragm disc to the color discsmultiply the 
number of combinations by ten. The ten possible positions of the color 
disc itself further multiply the result. There are thus 1,000 different 
combinations. It will be necessary to use only 15 or 20 of these, pro- 
duced at random by the irregular movement of the parts in different 
directions, provided the person makes no mistakes. Confusions between 
dark green and blue and between white and yellow are not to be counted 
as mistakes. 

If the subject makes mistakes or hesitates in his answers, a considerably 
larger number of combinations should be tried and the mistaken answers 
should be carefully recorded, the true color being written under the 
name given it. 

Any person who calls a white or a yellow by the names * * red ' ' or 
'* green," or a red by the names ** white," ** yellow " or '* green," or a 
green by the names *' white," ** yellow " or ** red," is to be classed as 
of unsafe color vision. 

General suggestions. 

While the test is going on, never tell the person whether his answers 
arc right or wrong. If deemed advisable, the mistakes can be told at 
the end of the test. 

In putting on the color disc it is well to vary the side toward the 
lantern ; this varies the order of the colors. 
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The following form of record is suggested 



Name of person examined 
Age Residence 



Previous history 

( Note here anything that may have a bearing on color sense. ) 

For the left eye the color sense was found to be 

(The examiner must answer *• safe " or ** not safe.") 

For the right eye the color sense was found to be 

(The examiner must answer ** safe " or *' not safe." ) 

Test I. Mistakes made : 



Test II. Mistakes made : 



Test III. Mistakes make 



Po>sIHLE FORMS OF COLOR VISION THAT MAY BE MET IN TESTING. 

It seems a well-established fact that most persons possess a color 
system in which any color can be considered as resulting from the union 
of three fundamental colors, red, green and blue. Such persons are 
called * * trichromats. ' * 

If all trichomats possessed exactly the same vision of color, we could 
establish equations showing how much red, green and blue are required 
to produce any given color. It is a fact that, if we allow room for con- 
siderable variation, such equations can be established for a large portion 
of the trichromats. Such a group of persons might be said to possess a 
common ** type " of color vision. By this we would not mean that the 
color vision was exactly alike in all cases but that they varied according 
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to the usual laws of organic variation around a mean or average form of 
color vision. This type of color vision, which is that of the majority of 
human beings, is called "normal trichromasy. " 

As color vision is one of the properties of an organism, we may expect 
it to vary as other properties do. The fundamental principle of variation 
leads us to expect that among trichromats there will be individuals in 
whom the red, or the green, or the blue sensation is weaker than in the 
normal trichromats. Such individuals have been found ; they may be 
called *' color weak trichromats/' 

I have had cases of this color weakness among my students. The first 
one I observed was absolutely perfect in passing the usual wool test but 
told me, after it was over, that when watching an approaching car carry- 
ing a red or a green light, he was unable to tell the color until it had ap- 
proached within a block or two. When the wools were removed to a 
considerable distance away, he became completely confused and made 
judgments like a person in whom the green sensation was weak or lacking. 
The cases are not so uncommon or so striking as would at first be sup- 
posed. Engineers have confessed — generally regarding some friend — 
that the wool tests have been passed by men who could not distinguish 
the signal lights in a fog. Some years ago several letters appeared on the 
subject in the London **Times" of which I quote a few.^ One engineer 
made the following statement : **1 have been on the railway for thirty 
years, and I can tell you the card tests and wool tests are not a bit of 
good. Why, sir, I had a mate that passed them all, but we had to pit( h 
into another train over it. He couldn't tell a red from a green light at 
night in a bit of a fog." Another wrote : ** To me the colored skeins 
of the wool test are no test at all, for both reds and greens in all shades 
are unmistakable; and although I have undergone this examination 
whenever an opportunity has presented itself, I have never tripped. 
Close at hand, reds and greens are to me as to other people ; at a 
distance, however, my sense of color, in regard to red especially, is all 
astray. Standing on the edge of a large field glowing with poppies, I 
see them up to about thirty or forty yards as other people see I hem : but 
beyond that distance they gradually merge into a neutral tint and 
become lost. ... A distant red light over a chemist's door appears 
to be a dull yellow, and the same applies to a red railway signal." 
Another person writes, concerning his wife : '* The red geraniums near 
nay window she could see as well as I could ; but those a hundred 
yards off were lost in the green. She could choose and compare colored 



^Eldridgk-Grekn, Color Hlimlness, 216, 217, 227, I^)ndon 189I 
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silks or worsteds, and could paint well, and was a remarkable good 
colorist. ' ' Such persons can be considered as cases of color- weakness. 

In another type of color vision, known as * ' abnormal trichromasy ' ' 
the red and blue fundamental sensations are apparently the same as those 
in normal trichromasy but the green sensation is of a different kind. 

These abnormal trichromats seem to be quite common. They ave 
been described by Rayleigh, Donders and Koenig.^ 

I have for several years tested my classes in the following way ; the 
origin of the test I have forgotten. A large red and a large green 
Maxwell disc are placed in the usual fashion on the axle of a motor ; a 
small black and a small white disc are then placed before the others. 
The room is darkened and a sodium light is produced by inserting salt 
(contained in a little platinum basket) in a Bunsen flame. Both sets of 
discs appear in grayish yellow. Their proportions are changed until 
they match. About 70% to 80% of my pupils agree on one match and 
the rest on a different one. This would seem to indicate a rather large 
number of abnormal trichromats. It is difficult to make any statement 
concerning how the world appears to these abnormal trichromats beyond 
saying that is certainly quite different. Koenig and Dieterici's meas- 
urements suggest that the preponderance of green is shoved toward the 
red 'end of the spectrum. We might infer that for such persons our reds 
and oranges are more yellow, our yellows more green and our greens more 
blue to them. This might lead to some understanding of the peculiar 
colorings used by some artists. 

The same principle of variation leads us to assume the existence of cases 
in which one of the fundamental sensations is entirely lacking. We thus 
would have '* red blindness," '* green blindness '* and '* blue blindness. '* 

Cases of acquired color blindness are presumably of this form. The 
excessive use of tobacco and alcohol quite frequently produces color 
blindness. Accidents, such as severe falls and contusions, may also pro- 
duce it. Cerebral troubles, over-strain of eyes, and other diseases some- 
times result likewise. 

In all such cases of acquired color defects we may readily assume the 
condition to arise by injury of the organ of one or more of the three 
fundamental colors ; it is thus a true ** color blindness " for one of the 
colors red, green or blue. 



^ RayleI(;h, Experiments on colour ^ Nature, 1881 XXV 67. 

DoNDKRS, IC/eurvergel'jA'ingenyOnditTzocV. i. Labor, d. Utrecht. Hoogesch. 1 883 (3) 
VIII 170. 

Koenig und Dieterici, Die Grundempjindungen u, ihre Intensitdtsvertcilung im 
Spekirum, Zt. f. PsychoL, 1893 IV 291. 
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Many persons have been found for whom it was possible to produce 
all colors by mixtures of two fundamental colors, a *' warm '* color and 
a *' cold *' color. Such persons would be called *' dichromats. " 

Two distinct classes of dichromats are known ; they are said to be 
*'of the first class" and **of the second class." 

The cold color of the dichromats is the same as the blue of the tricho- 
mats, the warm color is, in all probability, yellow, and not, as formerly 
supposed, either red or green. ^ 

The two classes of dichromats differ only in the proportions of yellow 
found in any color of nature. The spectrum and all nature appear to 
them as systems of yellow, yellowish white, white, bluish white and 
blue ; particular objects in the two systems differ only in yellowness or 
blueness. It is inconsistent with the facts to speak of "green blindness " 
and ** red blindness * ' ; the only safe way is to use the terms " dichromasy 
of the first class" and ** dichromasy of the second class,'* as these will 
not imply a supposition that may prove incorrect. 

It has been suggested that congenital dichromasy may be a phenomenon 
of atavism, or a return to the condition of color vision at a period in 
the ancestry of the animal kingdom when only two color sensations 
were present. 

Still another form of color-vision is found in monochromasy. All the 
visible objects are seen as shades of one color. What this color is, it has 
as yet been impossible to say. In cases of congenital monochromasy it 
is undoubtedly not red, green or blue.' 

We can also expect cases of ''double colorblindness" to arise from 
the failure of two of the fundamental sensations. Thus we would have 
red, or green, or blue monochromasy. Such forms of monochromasy 
may occur in pathological cases. Other cases of acquired monochromasy 
seem to follow still different types. ^ 



i 
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The principles underlying these views of the nature of color defects 
can be more precisely stated in the following way. 

If the amounts of red, green and blue be laid off on the rectangular 
axes, X^ Vy Z, any color / will be given by 

The assumption that the function is of the form 

is recommended by its simplicity. Such a color equation means that any 
actual color seen can be represented as a compound consisting of certain 
quantities x, y, z of the three fundamental sensations Xy K, Z. It also 
implies that the composition is a simple addition of the three fundamentals 




Fig. 6, 

without an influence of one on the other. Although this apparently does 
not hold with exactness for some phenomena of color, yet is valid within 
wide limits with close approximation.* 

Such a color ecjuation is represented in Fig. 6. 

If r, j^y b be taken as the strongest sensations of red, green and blue, 
obtainable in any ])erson, the color-system for that person will be a 
pyramid whose base is rgb and whose apex is at the origin of coordinates 

(Fig. 7)- 

By supposing that r=zg^l? we have the right pyramid used by 
Lambert^ to indicate the color system. This supposition is, however, 

* Helmuoi.tz, Physiologische Oplik, 376, 2 ed., Hamburg und Ixiipzig, 1896. 
■Lambert, Farhenpyramide, Augsburg, 1772. 
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not a necessary one. In fact, the general character of our whole con- 
stitution would lead us to believe that an equality of this sort is not the 

usual case. 

We can justifiably apply to color certain principles that have been 
found valid for the whole organism. One such principle is that of 
variation. We can, at the start, expect that any property common to a 




Fig. 7. 

group of organisms will be found in various degrees in the various m 
bcTs oi the group. ^ 

Appljdng this principle to color, we may say that a given sen - 
colors /',, /,, • •, /^ derived from the equations /', =* :r, +^i + ^^WT' \ 
-f /, + r,, -• for one type of color vision might require slightly 1 
equations for various individuals. Thus the same colors /,, ',» ^ ' • 
might require the equations /, = jr/ +^/ + r/, /, — -^t' "+" -^», ^',;^ /^ 
for a second kind of vision ; /', = at," +^/' + «,", ', ^ ^t -+- >'» • ' ' 

for a third kind, etc. We might consider the type /'-■ -^ "+'->' .,*;^« 

f it \)y equations 
standard and express the var)ring individuals in tcmnn 01 / ^^^ 

of the form / = ax-^- ^y-^-yz where a, fi, y ^^ cocffi^ »<^^^* * 

each individual. , ^ -r/«t«^ 

♦K#^riii«lvcs arouna 
The individual sets of values for a, ^, ^ may group tncri ^^^^^ ^_^^ 

various most frequent values and may Tepraktnt tyi^^^ normal type 

We may say that a = ^ = r = I » the exprcf»ion for t ^^ ^^ individuals 
for •ilich the equation is / = x -f 7 -f z. Any other H^ ^ I ^^^^^ ^^^ ^ 
whose cqoaticms arc similar enough to fumi»h a tyf^* -^boannal tVDes 
chaed as an abnormal type. All persons belong<^^«^ 



might be called ** color defectives." _.«^ • #««>« : 

The fandamcntal principle o( variation lea^* ^** .,^j^tian of the form 
which « is m-^h less than ^ and >^. This giv<!:* ^* ^^ / -* or 4. ^« >i 
/=.x + ^,T-r^ :awmcii< <^-;r. IV ^. ^ .arfogout types. 
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These would be the equations of persons who have been called "color 
weak. ' * 

When the variation is so great that a, p ox y become o, there arise 
cases of what is properly called "color blindness. * ' Such persons might be 
characterized as "red blind*' with the equation i -s^^y + yz, "green 
blind" with the equation issax-\-yZy and "blue blind" with the 
equation / = ajc + py. 

Other types of variations of a, P, y may occur but no data yet exist for 
stating the facts. 

It is also quite possible that the three fundamental sensations may not 
be the same in all persons. In one class of persons already discovered 
the fundamental green sensation is different from that of the majority ; 
such "abnormal trichromats" would have equations of the form 
i s:^ X + V + z. The analogous types of abnormality like i= u + y + z 
and / = X + ^' + ^ and also the subordinate types probably also exist but 
have not been discovered. 

The two forms of dichromasy are characterized by equations of the 
forms / = o/j + s and /=«/, + z. These also are to be considered 
only as typical forms from which the individuals vary just as in the cases 
of trichromasy. 

Typical monochromasy is indicated by / = / while the possible cases 
of double color blindness, or red, green or blue monochromasy, would 
be expressed by /' = ^r, / = y and / = z. 

The preceding treatment is, as stated, based on the supposition of only 
three fundamental colors in normal trichromatic vision. If a fourth color 
js to be added, the treatment would be modified by the introduction of a 
fourth variable into the fundamental equation on p. i6, with the result 

which on the usual assumption becomes 

i =i X -{- y + z -{-V. 

If this is the type of vision of the majority of eyes, the persons classed 
as normal trichromats (pp. 12, 16) are really tetrachromats and those 
classed as abnormal trichromats (p. 14) are really abnormal tetrachro- 
mats. The possibilities of variation in any or several of the funda- 
mental sensations would lead us to expect to find among the forms 
of defective color vision four types of triple colorblindness, / = ;c, 
t =yy i=i Zf t =s V ) six types of double color blindness, / == a^s=s ^, 

/• s ax -f yZy i = ax + dv, i = py -f yz, / = ^^ -f- by, i =: yz + dv ', four 

types of single color blindness, / = cu" + /?y -f yv, i^s ax + py -{■ dv, 
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i'ss ax + yz + dvy i^?y + T^ + ^v, with numerous types of mono- 
chromasy, dichromasy and trichromasy in which several colors are com- 
bined in one fundamental sensation ze/ (p. 15). 

Only a few types of color vision are at present accurately known and a 
decision concerning the three or the four color theory cannot yet be 
definitely made. 

In conclusion we may repeat that the forms of color vision are merely 
types of groups of individuals, that the members of a group vary from 
the tyi>e and that more extended examination of unusual cases would 
probably show most of the intermediate steps between the typical forms. 

In the midst of such diversites in the types of color defect it would be 
hardly safe to base any test on the supposition that the prevailing defect 
is of any one or two types. To suppose that all essentially important 
cases of defect belong to the two types of dichromasy known as the first 
and the second would be a neglect of somewhat numerous other types. 
Such a supposition is used as the basis for the Holmgren wool test ; 
it is evident that the various forms of * ' color weakness ' ' and the like 
are not provided for. Furthermore, the Holmgren test is based on the 
additional supposition that the two forms of dichromasy are "green 
blindness*' and *' red blindness" — a supposition that is unquestionably 
unjustifiable. 

Under these circumstances the only safe method of procedure in select- 
ing a test seems to lie in avoiding all suppositions while making the test 
conform as closely as possible to the conditions of actual practice. 

Characteristics of the color sense tester. 

1 . The forms of color defect are so numerous and so various that a 
reliable test must be one that imitates the conditions found in the actual 
exercise of color vision. The color sense tester imitates these conditions 
closely. 

2. This imitation of the practical conditions extends to the kind of 
object used, namely, colored lights under different conditions of bright- 
ness ; to the kind of decision required, namely, the character of the 
light ; to the kind of mental operation required, namely, a judgment 
after comparison. 

3. The colored glasses are unchanged by use or time ; the test is a 
constant one and needs no readjustment or renewal. 

4. The performance of the test requires only a few minutes. 

5. The instrument can be used in a portable form. Employees can be 
tested on shipboard or on a train. 

6. The test is absolutely automatic. The decisions of the person tested 
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are recorded on the prepared blank. A comparison of the results with a 
list of the actual colors will render the decision immediately. No call is 
made upon the intelligence or color vision of the examiner ; it is only 
required that he shall record the answers honestly. 



RESEARCHES ON MOVEMENTS USED IN WRITING 

BY 

Cloyd N. McAllister, Ph.D. 

The experiments to be reported here were carried out during the 
academic year 1899-1900. 

I. Relative ease of upward and downward movements. 

This investigation was begun by a series of experiments arranged to 
determine the relative ease of movements of abduction and those of ad- 
duction. It was thought that the ease would be shown by the rapidity 
of the movement. 

For convenience in describing the movements made, the usual mathe- 
matical conventions were adopted. If the intersection of the X and Y 
axes be the center about which a radius may re- 
volve, the circle generated will be divided by the 
axes into four quadrants. When the moving radius 
is coincident with the right-hand portion of the " m^t^^ 

X axis, it is said to be in its initial position ; the y> [ _^ 
angle it now makes with this part of the X axis vl-> 

is 0°. As it is revolved counter-clockwise the *" 

angle it makes with its initial position is increased 
until it gets back to its initial position again, when 



I 



or 

1 

Y' 



it may be said to have generated an angle of 

360° ; the quadrants of the circle are named I, II, III and IV, in the 
order in which the moving radius has passed through them (Fig. i)- 
Movements of the right arm in writing which follow the direction of 
the radii of quadrant I arc movements of abduction, those of quadrant 

III are movements of adduction. 
Most of the movements 

fined as movements following 

and III. All the old systems of stenography use movements in quadrant 

IV to a great extent, but the movements in quadrant II are rarely, if 
ever, used. The backward movements in stenography which sometimes 
appear to lie in quadrant II, are arcs of a circle or of an ellipse, made 
by a backward swing. 



iction. . 

used in writing are those which may be de-\ 
ing the direction of the radii in quadrants I / 
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A. Large movements. 
First series of experiments. 

The apparatus involved, first, a pair of contacts previously used for 
measuring the velocity of arm movements.* 

On a horizontal rod, forty centimeters long, the ends of which were 
clamped to standards made of a vertical rod fastened in a heavy iron 
base, were placed two metal blocks, D and U of Fig. 4. Each of these 
blocks carried a light bamboo rod, Cand C, held in a vertical position, 
in small revolving clamps. A slight touch on one of these rods caused 
it to fall, and in so doing, to make an electrical contact for an instant. 
The rod could be made to fall in one direction only. These two con- 
tacts were arranged parallel to each other and in series with a Deprez 
marker. The distance between them was such that the hand used to 
knock down the rods must move through a distance of ten centimeters 
from the time the first contact was made until the second one was 
made. 

Two horizontal rods, one on each side of the perpendicular rods whose 
movement formed the contacts, and at a distance of one and three-tenths 
centimeters below their tops, when they were upright, acted as a rest 
for the finger before beginning the movement, and as a guide during the 
movement. By this means all the subjects were comi>ellcd to move 
the hands in the same direction and in the same horizontal plane. It 
was not intended that the hand should bear on these rods in the move- 
ment, and this did not occur. In moving the hand rapidly from rest, 
the tendency was to raise it slightly and sometimes it was raised enough 
to be carried over the top of the second bamboo rod, not touching it at 
all. This occurred when the subject permitted his attention to lag. 

The subject stood in a comfortable position before a desk that could 
be adjusted so that the lines of the movement to be made, lay in a hori- 
zontal plane slightly below the elbow. This position of the plane of the 
movements was found necessary in order to permit a free movement of 
the whole arm. 

A large cardboard was placed on the top of the desk and lines drawn 
thereon to mark the positions for which the apparatus must stand for the 
angles 0°, 15°, 30°, 45°, 60°, 75° and 90° of quadrant I, and 180°, 
195°, 210°, 225°, 240°, 255° and 270° of quadrant III ; the purpose of 
which was that the apparatus might be in the same relative position with 
the body in all of the movements, and for all the subjects. In these two 

> ScRiiTURE, Nnv apparatus^ Stud. Yale Psych. Lab., 1895 I^I '^^ I *lso The New 
Psychology, 166, linden 1897. 
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quadrants the apparatus had the same relative positions for the correspond- 
ing angles ; the end that was near the body for quadrant I was away from 
the body for quadrant III. The subject was required to make the move- 
ments with the palm of the hand down, the hand closed, except that the 
forefinger was extended. 

Movements in quadrant I, were easily made without any tendency on 
the part of the subject to increase the speed by the aid of movements of 
the finger. In the latter part of quadrant III, however, it was found that 
either the wrist would have to be turned in an awkward manner toward 
the body in order to move the bamboo rods, or the palm of the hand 
would be turned toward the body, thus allowing the finger to take the 
form of a hook with which to pull down the bamboo rods ; in this posi- 
tion a movement of the finger, like that of closing the hand, increased 
the speed of the movement. 

A paper cartridge shell was used as a cap for the finger. A wire 
soldered on the brass head of the shell formed a hook ; slits in the paper 
tube of the shell permitted it to be used by subjects with a large finger ; 
a small rubber band around the tube caused the sections to lap and so fit 
closely to the fingers of the subjects having small hands ; it also bound * 
the cap so closely to the finger, that it did not slip during the movement. 
The subject had this cap on his finger during the entire experiment. 

The apparatus was so placed that the middle point of the distance be- 
tween the bamboo rods was on a line perpendicular to the front of the 
body, and half way between the middle of the body and the right 
side. Its distance from the body was constant, except for the slight 
oscillating movements of the subject during the experiment. The dis- 
tance was such that the elbow hung freely by the side of the body 
when the finger was in position to begin the movements of quadrant I, or 
at the end of the distance measured for the movements in quadrant III. 

E^ch time the electrical contact was made by the movement of one of 
the bamboo rods the marker recorded the fact on a drum, which, for con- 
venience, was turned by a small electric motor. The drum used is one 
previously described by Dr. Scripture.' On the large base supporting 
the drum is an upright standard which may be moved along the drum by 
means of a screw turned by the hand. A bed carefully planed and 
parallel to the axis of the drum guided the movement of the standard. 

A fork interrupted the current from a four-ampere battery 100 times a 
second. This was made to pass through the primary coil of a spark coil. 
The secondary coil was connected at one pole with the base of the drum, 

> Scripture, The New Psychology, 85, Ix)ndon 1897. 
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and at the other pole with the marker. The line produced by the 
marker was in this way divided by sparks, the distance between the 
successive sparks representing the time of one vibration of the fork. The 
number of such spaces between the two records made by the marker for 
each movement of the arm, gave the number of hundredths of a second 
consumed in the movement. With some practice it became quite easy 
to divide these spaces by the eye into tenths, thus permitting the record 
to be given in thousandths of a second. A specimen record indicating 
sixty-two thousandths of a second is shown in Fig. 2. 

The subject was requested to place his right hand so that the first 
finger, with the cap upon it, should rest on the horizontal bars close to the 




Fig. 2. 



first upright bamboo rod, but not touching it; thus the forearm and 
hand formed a straight line, the elbow hanging freely by the side of 
the body. 

At the signal ** ready " he prepared himself to make as rapid a move- 
ment as possible in the direction of the line joining the tops of the bam- 
boo rods, moving the joints of his elbow and shoulders only, and allow- 
ing his elbow to hang close to the body. At the signal *'go*' he exe- 
cuted the movement. 

Care was taken to see that the distance at which the finger was placed 
from the bamboo rods before beginning the movement did not vary for 
the different individuals. When each subject, in the several preliminary 
trials before a record was taken, indicated the distance he would most 
naturally use, he was cautioned that a change of this distance would de- 
crease or increase the time required to pass through the distance between 
the two rods, according as he began the movement with the finger farther 
from, or nearer to, the first rod ; and in order that his record might be of 
value to us he must aid us in keeping this condition the same throughout 
the experiment. This distance did not exceed one centimeter. 

When the signal *' ready** was given, the marker was moved slowly 
along the drum until after the movement was executed by the subject ; 
the movement of the marker was then stopped ; the subject raised the 
bamboo rods to the vertical position and placed his hand in position for 
making another movement. 
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Table I. 

First quadrant, 

o« 15O 30° 45° 60O 75® 90O 

Subject Av. P, E. Av. P. E, Av. P. E. Av. P. E, Av. P. E. Av. P. E. Av. P.P.. 

A 31.3 5.1 26.1 2.2 27.9 2.0 30.3 6.6 45.5 3.4 42.6 2.0 45.7 3.4 

^ 57-7 8.5 45.2 3.0 46.9 4.2 49.2 5.2 67.2 13.0 90.9 8.6 93.3 5 8 

C 88.1 8.9 82.8 9.7 95.8 8.5 109.3 13.1 95.1 6.8 105.0 6.3 iio.i II. 8 

D 29.6 3.0 28.4 1.7 26.9 2.8 26.1 1.5 31.8 2.1 45.0 5.1 45.5 2.4 

^ 57-9 4-6 65.7 5.2 83.7 8.4 82.4 4.5 89.4 6.1 87.0 7.2 98.0 8.4 

F 64.9 18. 1 49.4 6.8 48.3 5.7 53.7 4.8 56.8 3.6 57.9 6.1 68.0 7.2 

Av, 54.8 8.0 44.6 4.8 54.8 5.6 58.8 5.9 64.3 5.8 71.4 5.9 76.8 6.5 
Average for quadrant I, 60.7 ; average probable error, 6.1. 

nird quadrant. 

xfoo X95O axo® n^^ 3400 ass® 270° 

Subject Av. P.E. Av. P. E. Av. P. E. Av. P. E. Av. P. E. ' Av. P. E. Av. P.E. 

^ 370 I'Z 327 1-9 33-7 1-7 35.1 0.6 38.4 3.1 42.9 5.1 47.5 4.5 
B 46.8 2.7 55.8 5.6 55.7 4.5 57.9 6.1 62.8 4.6 67.7 8.7 79.9 7.7 

C 107.0 14.4 94.4 9.5 103.6 16.5 98.6 9.5 IO9.I II. 2 lOO.O 7.1 107.0 7.0 

D 27.4 2.6 28.4 4.3 26.9 0.7 26.1 1.7 31.8 0.7 45.0 1.5 45.$ 1.7 
E 76.6 7.7 74.7 12.3 89.7 5.0 92.3 5.8 loo.o 13.5 100.9 6-4 I07-8 9 5 
F 52.9 1.9 50.8 4.2 51.0 3.6 54.6 3 5 59-7 4.1 65.04.8 68.84.7 

Av. 68.0 5.2 56.3 6.1 60.0 5.6 61.4 5.6 67.2 6.6 69.1 5.6 74.6 6.6 

Average for quadrant III, 65.2 ; average probable error, 5.6. 

Unit of measure, (t = o.ooi». ^^'. , average of lo experiments. P. E., immediate 
probable error. 

r It will be seen from the table that, with the full arm, and under the 

conditions of our experiment, the movements in quadrant I are made 

more rapidly than those in quadrant III, except for the angles of 75° 

and 90° ; the movements at the angles of 255° and 270° of quadrant III 

are more rapid. 

C The probable errors for movements of quadrant III are, on the average, 

\ smaller than for those of quadrant I. This seems to indicate that though 

Hhese movements are less rapid, they are more regular. In quadrant I, 

subjects A and E do not follow the general law as expressed by the curve, 

namely, that the time required to make the movement for the angle of 

1 5 ° is less than that required for 0°. This lack of conformity to the 

general rule is noticed in quadrant III in the record of subject B. 

If a line be drawn on the horizontal plane that lies just below the 
elbow (not more than two and one- half centimeters below) so as to form 
an angle of 15° with the intersection of this plane with the plane of the 
front of the body, this line will indicate the direction of the movement 
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that can be made with greatest ease by the right arm, under the condi- 
tions of the experiment. The movement along that line toward the body, 
being a little slower than the movement from the body. 

The results in Table I are shown graphically in Fig. 3. The abscissa 
denotes the relative size of the angles ; the ordinate shows the relative 
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time. The dotted lines show the results of quadrant III ; the solid line 
those of quadrant I. For the sake of comparison, the movements of quad- 
rant Illare represented as movements of adduction along the radii of the 
corresponding angles of quadrant I. 

The two upper curves show the average time consumed in the move- 
ments, the lower curves the probable errors. 

The curves of the probable errors show them to be nearly constant ; 
the variations are small. 



Second series of experiments. 

The following change in the apparatus was planned. Well seasoned 
white pine was glued together in three thin layers — the grain of the two 
outside layers being parallel, and that of the middle layer being at right 
angles to this direction. From this a disc was turned, A of Fig. 4, 
thirty-three centimeters in diameter. A disc, F, of pine one centi- 
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meter thick was cut of the same size as the above and fastened to that 
one by means of four posts, G, two centimeters by two and one -half cen- 
timeters and ten and one-half centimeters long. Two of these posts were 
placed with their centers diametrically opposite ; the other two were 
placed with one edge on the diameter perpendicular to the diameter join- 
ing the first two posts. 

By gouging out a small groove across the second pair of posts, on the 
side in a line with the diameter, it was possible to fasten to them the rod, 
Ey which held the metal blocks, Z?and U , carrying the bamboo rods, C 
and C, so that it would hold the bamboo rods directly over this diameter. 

The turned disc was used for the upper one and in it was* cut a slit, B, 
nine-tenths of a centimeter wide and twenty-three centimeters long. Its 




Fig. 4. 



middle point is at the center of the disc. This slit being placed over the 
line joining the bamboo rods, permitted the rods to be raised and lowered 
with perfect freedom. The rods were made to extend one and three- 
tenths centimeters above the top of the disc when standing upright. 

A wire in the form of a rectangle, not shown in the figure, six- 
teen and one-half centimeters long and three and one-half centi- 
meters wide, with a wire rod soldered across it parallel to the ends 
and ten centimeters from one end, was fastened under the top disc by 
means of guides on each side so that it might be drawn backward 
and forward under the slit. A small rubber band fastened to the end 
of the rectangle ten centimeters from the cross rod, and to the disc near 
its circumference and in line with the slit, held the frame near that end 
of the slit and against two small nails that were used as stops. 
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The bamboo rod which must be struck first when standing was but a 
short distance from the end of the frame nearer the cross rod ; but, when 
it was caused to fall, it fell in the direction of the cross rod, and, al- 
though it fell completely below the surface of the disc, was prevented by 
it from falling down entirely. The other end of the frame performed 
this service for the other bamboo rod. 

By means of a cord running through a screw eye the frame could be 
drawn toward the other end of the slit, raising the bamboo rods as it 
moved until it was stopped by two nails in a position such that the bam- 
boo rods were standing upright and ready to make another record. The 
cord being released, the rubber band returned the frame to its former 
position where it was ready to catch the bamboo rods again. 

The top part was removed from a school desk and in its place there 
was put a flat desk open in front and back. The top was of the same size 
as that of the original desk, when the lid was raised to make a flat desk 
of it, extending sixty-six centimeters from right to left and fifty-three 
and one-half centimeters from front to back. A circular hole was care- 
fully cut in this top of a size to permit the turned disc to revolve with 
very little friction. The center of this hole was thirty-three centi- 
meters from the ends and from the front of the desk top. The depth of 
the desk was such as to permit the other disc to rest on the bottom, 
while the desk and the turned disc were flush on top. A bolt, H^ 
through the center of the lower disc and the bottom of the desk served 
as an axis for the discs to turn upon. With the aid of a bicycle wrench 
the desk could be raised or lowered. The chair accompanying the desk 
was also adjustable. 

With the apparatus in this condition each subject could be seated com- 
fortably, and the height of the desk could be made suitable for him. The 
subject was rec^uested to sit in an upright position ; the desk was adjusted 
so that the top was slightly below the elbow. 

The subject reacted to the signals as before, but his whole attention 
was given to knocking the rods down ; they were raised into position 
each time by the observer by means of the device explained. 

The contacts were connected as before, parallel to each other and in 
series with the Deprez marker. The battery wires are indicated by / 
and 2, The middle point of the distance between the two bamboo 
rods was at the center of the discs. 

The top disc was divided into angles of fifteen degrees ; these angles 
were marked with their values from 0° to 345°, according to the mathe- 
matical convention mentioned above ; a mark on the top of the desk at 
the edge of the hole made it possible to adjust the disc for any angle 
desired. 
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With the apparatus arranged in this manner records were taken on ten 
persons for the same angles, and in the same order as in the preceding 
experiment. Three of these subjects, A, Z>, K^ were graduate students ; 
one, /, a senior ; two, J and Z, freshmen ; two, F and J/, mechanics ; 
one, 6^, a teacher in a commercial college ; one, Hy a high school student. 

Table II contains the averages for these subjects. 















Table II. 


























First 


quadrant. 
















c 


>« 


x« 


5^ 


300 


45° 


600 




75° 


90 





Subject Av. 


P.E. 


Av, 


P.E. 


Av. 


P.E. 


Av. P. E. 


Av. 


P.E. 


Av. 


P.E. 


Av. 


P.E. 


A 


59.1 


5.9 


52.6 


3-5 


42.1 


2.5 


46.6 4.1 


52.2 


9-3 


56.6 


15.2 


66.1 


10.6 


D 


52.7 


3.1 


46.2 


2.7 


44.1 


2.2 


40.8 2.5 


42.2 


2.5 


48.7 


31 


57.3 


5.3 


F 


92.4 


7.8 


86.3 


8.1 


85.3 


6.6 


73.7 6.1 


75.9 


5.0 


78.9 


3.6 


81.0 


4.9 


G 


73-6 


6.6 


64.8 


8.4 


51.3 


7.5 


60.2 2.9 


80.9 


9.0 


88.5 


6.1 


93.2 


6.7 


H 


56.3 


9.1 


48.4 


3.9 


40.3; 


4.0 


50.5 5.7 


42.3 


2.7 


45.8 


2.5 


42.0 


2.5 


I 


89.4 


6.4 


86.9 


13- « 


76.1 


13.7 


73.7 9.9 


90.8 


17.6 


77.2 


8.2 


77.0 


9.3 


J 


76.2 


8.4 


77.4 


6.2 


68.5 


7.7 


53-4 70 


55.5 


6.5 


58.5 


6.4 


60.4 


2.6 


K 


93.1 


12.6 


83.2 


13.5 


76.8 


5.5 


80.8 5.0 


730 


2.7 


83.4 


6.7 


81.4 


6.1 


L 


53.9 


5.4 


50.1 


2.7 


43-4 


3.1 


43.4 2.9 


44.5 


4.5 


49.1 


5.7 


47.8 


4.4 


M 


95- « 


7.6 


80.2 


4.3 


69.5 


2.4 


66.8 4.3 


71 I 


5.9 


76.9 


5.6 


88.4 


5.6 


Av, 


74.2 


7-3 


67.6 


6.6 


59.7 


5.5 


59.0 5.0 


62.7 


6.6 


66.4 


6.3 


69.5 


5.8 



Average for quadrant I, 65.4 ; average probable error, 6.1. 



Third quadrant. 





x\ 


VP 


195° 


2x0° 


2250 


240° 


256° 


970° 


Subject AzK 


P.E 


. Av. p. E. 


Av. 


P.E. 


Av. 


P.E. 


Av. 


P.E. 


Av. 


P.E. 


Av. 


P.E. 


A 


66.4 


9.4 


53-7 5-3 


49.8 


4.5 


53-2 


6.3 


46.1 


3-5 


513 


6.9 


75-7 


II. 8 


D 


35- 1 


2.8 


31.9 2.6 


35.1 


3-1 


37.3 


3.6 


38.8 


2.3 


38.8 


2.4 


51.7 


2.8 


F 


63.4 


2.9 


68.2 9.8 


59.7 


4.9 


55.4 


31 


63.6 


70 


61.3 


4.4 


66.9 


3-5 


G 


46.6 


2.3 


48.8 6.8 


46.7 


3.3 


47.4 


2.7 


49.0 


2.5 


59.4 


5.3 


65.1 


4-7 


H 


37.7 


6.3 


34.0 2.3 


350 


2.7 


38.5 


3-7 


38.9 


2.5 


45.1 


3.5 


52.1 


3-7 


I 


58.6 


5-7 


62.2 4.3 


60.5 


8.2 


72.2 


5.8 


70.8 


10.9 


69.5 


6.6 


74.0 


4.6 


J 


45.8 


5-4 


48.0 4.3 


50.4 


4.9 


46.5 


4.3 


48.5 


5.7 


54.2 


7-4 


61.2 


6.5 


K 


74.2 


5.7 


64.2 5.5 


62.3 


7-5 


60.5 


5-2 


58.5 


7.9 


61.6 


3-9 


56.2 


ZZ 


L 


35-3 


1.6 


29.8 1.6 


28.4 


2.2 


27.7 


I.O 


33-4 


0.8 


37.3 


2.7 


50.5 


31 


M 


9'-7 


10.7 


67.6 4.7 


643 


-hZ 


69.9 


5.4 


73.4 


7.4 


95.2 


7.1 


90.6 


5.6 


Av. 


55.5 


5.3 


50.9 4.7 


49.2 


4.5 


50.9 


4.1 


52.1 


5.1 


57-4 


5.0 


64.4 


5.0 


Average for quadrant HI, ^ 


53-9; 


average probable error 


,4.8. 










Unit of measurement, a 


O.OOI* 


. Av.^ average 


of 10 


experiments 


. P. 


E.y irome- 


diate 


probabl 


e error (p. 25). 























This table shows a difference of 11.5*^ between the averages for all the 
angles of each quadrant in favor of movements in quadrant III. These 
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movements require but 82% of the time necessary for the movements in 
quadrant I. The probable error is 8.9% of the average result for quad- 
rant III and 9.6% of the average result for quadrant I ; so that the move- 
ments of quadrant III are not only more rapid but also more regular. 
The control over these movements must then be somewhat more in quad- 
rant III than in quadrant I. 

The greatest importance for this investigation lies in the relative ra- 
pidity, rather than in the absolute speed ; but it may be of interest to 
note here that the probable error of the determination varies between 
l^ and5.5«^. 

In Table I the angles of greatest speed of the two quadrants were cor- 
responding angles of the quadrants. In Table II that is not the case. 
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In quadrant I the greatest speed was attained at the ang e o 45 , m 
quadrant III at the angle of 210°. , 

These results are shown graphically in Fig. 5. As in U?- 3 ve- 

ments of quadrant III are represented as movements o\ ^ ng 

the radii of the corresponding angles of quadrant I- ^^ 

crossing of the curves. A glance is sufficient to show tha ^^^^ 

jx- cr movements of oK 
of adduction require less time than the corresponding ao- 

duction. Id r 

The dotted lines show the results of quadrant W^ > ^^^ ^^ ^ ^^^^ ^hose 
of quadrant I. 
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The two upper curves show the average time consumed in the move- 
ments, the lower curves the probable errors. 

The results in quadrant I seem to indicate that the lowest point of the 
true curve showing the speed of movement in this quadrant must be be- 
tween 30° and 45° ; in quadrant III, however, the lowest point of the 
curve would seem to be at just 210°. The lines of greatest speed of 
movement in the two quadrants when extended, though they do not co- 
incide, are at most not more than 10° apart. 

The number of the experiments is not great enough to warrant any 
positive statements as to what the true law of the motion may be. It is 
natural to suppose that, were the experiments more extended, it would 
be found that the angles of greatest speed in the two quadrants are cor- 
responding angles, as was found in Table I. It must be noted that the 
most rapid movements are not in the middle of the quadrant, but rather 
at the end of the first third of the quadrant. 

The curve of the probable errors is also shown in Fig. 5. The 
variation in the probable errors is small and they will hereafter be con- 
sidered as constant. 

Table II shows that the probable errors of quadrant I average 6.1*^, or 
9.6% in the average time for all the angles ; those of quadrant III average 
4. 8*^ or 8.9% of the average time for all the angles. 

This difference in favor of quadrant III shows that the movements of 
adduction are more to be relied upon ; they are not only more rapid but 
are easier to make. 

The form of the curve attracted attention immediately, and Dr. Scrip- 
ture suggested that it might be a sinusoid. In order to determine the 
complete curve, records were taken on ten subjects in all four quad- 
rants — the apparatus being the same as before. 

Third series of experiments. 

The subjects experimented upon in this series were Ey G andy of the 
preceding series, and iV, P^ Q and P, students of the graduate depart- 
ment ; O, a boy of fourteen years, and 5 and T, mechanic^. 

In this series, five records were taken for each angle marked on the 
disc, beginning at 0°, and then five more, reversing the order of the 
series. 

The averages for the different angles for each subject are given in Table 
III. 
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Table III. 












Subject cP 


IS'' 


30O 


45° 


600 


75° 


900 


X050 


120° 


135° 


150° 


1650 


E 


84.0 


703 


78.5 


76.2 


76.3 


79-7 


87.0 


86.5 


94.5 


94.0 


101.4 


87.5 


G 


69.2 


51.8 


45.6 


46.9 


43-3 


61.9 


76.1 


82.6 


85.8 


78.5 


74.2 


65.5 


J 


55.5 


51.0 


49.0 


60.2 


73.7 


72.0 


72.8 


80.7 


74.4 


79.3 


69.7 


63.0 


JV 


50.3 


39.2 


34.6 


34.9 


40.5 


46.9 


51.0 


58.8 


59.0 


59.2 


58.2 


53.0 





60.6 


57.7 


57.7 


44.8 


49.4 


503 


52.7 


64.5' 


72.8 


77-9 


72.4 


63.5 


p 


555 


55.4 


51-5 


47.3 


54.2 


55.3 


62.3 


62.7 


65.8 


60.6 


61.7 


46.9 


Q 


66.0 


63.4 


55.2 


60.1 


50.7 


61.6 


65.3 


67.7 


81.6 


82.1 


75.8 


78.1 


R 


53.1 


46.0 


35.1 


36.4 


38.4 


37.3 


65.7 


64.8 


67.6 


82.3 


70.5 


68.1 


S 


48.5 


41 2 


36.0 


32.7 


32.2 


43.8 


49.3 


52.5 


58.8 


54.3 


45.2 


34.5 


T 


37.4 


32.3 


28.5 


26.0 


25.1 


28.7 


34-4 


34.4 


38.8 


42.8 


38.7 


32.8 


Av. 


58.0 


50.8 


47.2 


46^6 


48.4 


53.~8 


61.7 


65.5 


69.9 


71. 1 


66.8 


59-3 


Subject i8o<^ 


195° 


a 10° 


225° 


240° 


255° 


270° 


285^ 


3000 


315° 


330° 


345° 


£ 


64.4 


64.2 


60.0 


62.4 


64.8 


62.7 


80.9 


92.3 


97-4 


89.9 


90.5 


74.4 


G 


49.6 


45- 1 


40.9 


43-8 


40.1 


47-7 


57.6 


59.5 


61.0 


71. 1 


74.1 


69.0 


J 


58.0 


55.6 


50.5 


61.0 


56.1 


65.3 


59.8 


68.0 


55.3 


72.4 


82.6 


74.0 


N 


49.4 


370 


3»-4 


31.7 


35.2 


37.8 


48.8 


56.4 


56.3 


57.4 


55.8 


59.8 





52.0 


47.7 


47-7 


47.0 


45-5 


53.2 


531 


63.1 


76.8 


75.4 


77.2 


75.0 


P 


42.5 


42.2 


49.8 


49.1 


58.2 


62.3 


56.2 


66.1 


73-7 


71.0 


68.3 


68.7 


Q 


55.0 


55.0 


53-3 


52.5 


53.1 


61.5 


68.3 


75-3 


83.6 


84.7 


88.4 


78.5 


R 


69.7 


36.5 


33-7 


42.2 


37-6 


37.8 


40.2 


45.5 


45.8 


53-8 


60.7 


64.2 


S 


31.4 


11'"^ 


32.3 


35-5 


40.3 


431 


48.8 


48.7 


50.1 


50.4 


47-7 


44-4 


T 


26.5 


22.1 


25.0 


24.1 


24.9 


29.3 


304 


32.8 


36.6 


41. 1 


40.1 


40.7 


Av. 


49.9 


43.9 


42.5 


44.9 


45.6 


50.1 


54-4 


60.8 


637 


66.2 


68^5 


64.9 


Average 


for ([ua 


id rants 


I and 


II. 58. 


3; av< 


irage for quae 


Irants \ 


[II and IV, 


54.6; 



average for all angles, 56.4. 

Unit of measurement, (t = o.ooi'. 

The results are very much such as might be expected from a study of 
Table II. 

The average for all of the angles is 56.4*^ , while that of quadrants I and 
II is 58.3*' and quadrants III and IV is 54.6*^ . Movements in quadrants 
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ibjects were G^ Oy P, Qy R and S of the preceding list, A and 

ies one and two, If of series two, and Uy the janitor of the 

T- 

suits are shown in Table IV. 

Table IV. 

»S® 30° 45° 60° 75° 90° X05O 120° 135° X50O X65O 

51.0 54.8 5*-2 42.0 59.8 65.9 71.9 75.3 78.9 82.0 44.7 

80.6 57.9 61.5 671 71. 3 69.9 75.6 78.8 74.8 88.6 95.5 

44.7 36.8 41. 1 46.9 49.9 62.0 77.1 74.9 75.2 75.6 54.3 

46.1 38.5 37.7 45.2 48.9 52.6 48.3 51.2 51. 1 44.0 37.2 
58.1 55.5 48.9 52.0 55.7 71. 6 72.3 73.9 68.2 70.2 59.8 

48.5 43.2 48.7 47.2 55.5 61.3 61.3 67.7 66.7. 67.8 56.6 
48 I 47.4 50.3 42.0 52.8 53.3 58.4 69.9 63.5 6X.7 46.6 
49.3 46.4 44.1 52.2 65.1 741 77-8 81.4 80.5 71.8 70.5 
41.7 37.1 34.0 32.4 40.4 46.6 46.6 57.6 59.5 58.8 50.1 

55.6 48.8 51. 1 43.3 50.7 52.4 66.8 71. 1 84.9 69.3 68.9 



52.4 


46.6 


46.9 


47.0 


550 


61.0 


65.6 


70.2 


70.3 


69.0 


58.4 


X95** 


axoo 


225° 


240° 


255° 


270° 


2850 


300° 


3'5*» 


330® 


345** 


43-4 


53.4 


56.6 


54.3 


517 


59.1 


62.7 


693 


72.8 


66.9 


66.8 


48.3 


52.5 


59.9 


55.6 


57.2 


69.4 


78.5 


81.4 


80.3 


88.4 


86.0 


43-9 


38.8 


43-3 


47.0 


54.8 


58.1 


60.0 


65.0 


67.0 


75.2 


63.9 


35.1 


38.2 


41.0 


43- 1 


47.7 


46.2 


49.7 


55.7 


58.9 


55.3 


53.8 


46.1 


45-4 


49.2 


51.8 


545 


64.4 


62.1 


67.6 


67.9 


63.7 


64.0 


41.2 


43-1 


47.3 


50.1 


53.6 


58.2 


61 9 


63.1 


69.2 


57.7 


65.0 


36.0 


389 


47.5 


39-6 


46.4 


50.2 


60.0 


59.8 


64.1 


61.7 


59-9 


42.1 


49-5 


48.9 


52.7 


54.5 


63.7 


63.7 


63.9 


62.2 


65.4 


59.7 


29.2 


295 


36.1 


38.1 


44.2 


46.6 


53-4 


55.7 


58.4 


50.5 


55-2 


45.2 


43-3 


42.6 


47.6 


45.5 


60.8 


69.7 


65.4 


70.4 


75.6 


62.8 



41. 1 43.3 47.2 48.0 51.0 57.7 62.2 64.7 67.1 66.0 63 7 

for quadrants I and II, 58.3 ; average for quadrants III and IV, 54.6 ; aver- 
angles, 56.4 
measurement, <^=o.ooi". 

idividual results do not correspond exactly with those of the 
g table, but the averages for quadrants I and II, for quadrants 
IV, and for all the angles together, are respectively equal. In 
Ies they are 58.3*', 54. 6*' and 56.4*^, respectively. 

shows the results of this table graphically. For the sake of 
on, the results of Tables III and IV are shown together in one 

otted line in this figure shows the results of Table IV. 

!gular crossing and recrossing of the curves of Tables III and IV 

oticeable in ijuadrants I and II. The influence of fatigue and 
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practice that it was thought might be eliminated, if actually gotten rid 
of, was not sufficient to account for the declination of the axes toward 




the right, for there is even more declination in the curve of Table IV 
than that of Table III. 
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It seems to be beyond question that the free full arm movements in a 
horizontal plane — the forearm being horizontal — are made more rapidly 
toward the body than away from it. 

For the sake of presenting the results of Table III to the eye in a 
manner such that it will be possible to fix in mind the relative speed of 
movements in the various angles in which they were made, the results 
have been plotted on a circle in Fig. 8. The distances along the radii 
are proportional to the time required to make the movement in that 
direction. 

As this figure lies before the reader, he can see at a glance, in what 
direction the movement is most easily made. 

If quadrant I be taken as the standard, we find that quadrant II re- 
quires for the average of all movements, 30% more time; quadrant III, 
10% less time, and quadrant IV, 25% more time. 

The slowest movements are in quadrant II. 

Fifth series of experiments. 

The results found in the preceding experiments indicate the directions 
in which we might expect the hand to move if one were asked to make 
some long strokes with a pen ; that is, should one be asked to make 
some sloping lines rapidly, it would be expected from the preceding 
results, that he would move the hand in the direction of the radius of an 
angle of about 30° for strokes of abduction and of about 210° for strokes 
of adduction. ^ 

Vertical lines would tend to slope toward the right, rather than 
toward the left, when made by upward or abduction movements ; that 
is, they would fall over into quadrant I, where the movements are more 
easily made. 

Down strokes, or adduction movements would, if meant to be vertical, 
incline more toward quadrant III than quadrant IV, for the same reason. 
To test this point, the following experiments were made. 

A vibrating bar or fork interrupted the current from a four-amp6re 
battery, which was connected with the primary coil of a spark coil ; 
the secondary coil was connected with a pen at one pole, and at the 
other pole with a writing board devised by Dr. Scripture This writing 
board consi.sted of a sheet of metal, ^ in Fig. 9, fifty- three and one- 
half by thirty-seven centimeters, set in a frame, with a board back ; a 
binding post, C, at one corner, furnished the means of connecting the 
electric wire, /. A wooden pen holder, Z>, had a hole drilled length- 
wise through the handle ; a wire, 2, running through this hole was 
soldered to the metal end which holds the pen. A small rubber tube. 
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.as a means of insulation, enclosed the pen holder. A common writing 
pen could be inserted in the holder and removed at will. The wire 
connecting the pen holder with the spark coil was of sufficient length to 
permit of its resting over the shoulder as the subject was using the pen. 
As the pen was placed near the writing board, sparks, caused by the in- 
terrupting of the current, passed from the pen to the board. Drum 
paper, heavily coated with smoke while on a drum, was then cut to the 




Pig. 9. 

size fifteen centimeters by twenty-four centimeters and pasted, at the four 
corners only, to the writing board. The position of the paper is indi- 
cated by the small rectangle, E. As the pen was drawn rapidly over the 
paper, the sparks made dots that divided the line into equal intervals 
of time. 

Fig. 10 shows a part of a record made by Dr. Scripture. A vibrating 
bar interrupted the current twenty-five times per second, so that the dis- 
tances between the successive dots were passed over in one twenty-fifth of 
a second. This cut is reduced to one-fifth of the actual size of the record. 

The subject in my experiments 
was seated before a table ; the writ- 
ing board with its lower edge rest- 
ing on the table was supported by 
a heavy block in such a manner that 
Fk;. 10. it formed an angle of 30° with the 

table. A circle, B^ divided by the 

A' and Faxes into four quadrants, and with lines bisecting the quadrants, 

was drawn on the writing board, just above the position of the paper. 

A fork interrupted the current one hundred times per second. 

The subject was requested to make ^s^ lines in the direction of each of 
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the radii as drawn on the circle. The length or the lines was not limited. 

A sample record, full size, wiih an arrowhead indicating the direction of 
Lthe movement, is shown in Fig. ii. 
I Three of the subjects — C, of the first series of experiments ; D, of the 

fiisl and second series ; and X — are graduate students in the university, 

and G, of the second and third series, a commercial college teacher. Ity 



means of lines marked on the writing board, it was possible to place 
I the paper in exactly the same position for all the subjects. 

After the records were varnished and dried they were each fastened to 

K» drawing board so as to be in the same relation to the edge of the board 

s they had been to the edge of the table. 

The drawing edge of a T-square formed the baae line for the pro- 

Ltractor; and in this way the slope of the lines was easily and rapidly 

I read off. 

As the lines were not limited in length, the time of making the whole 

Plines could not well be considered, but the distance of three centimeters 

I was taken as nearly in the middle of the lines as could be estimated by the 

, and the time consumed in moving ihis disUnce was read. One- 

[ihird this time was recorded as the time consumed in passing over one 

mtinicter for the movement by which thai line was made. As found by 

BiNCT and Col'rtif.r' the greatest speed of a movement was at the middle ) 

r the line drawn. By taking the greatest speed for each line, a fair 

IS of coni|>arison was obtained. The lines varied in length from aliout 

four centimeters to nine centimeters. The shorter lines were made in 

Quadrants II and IV, and the longest at the beginnings of c|uadtants 1 and 

Table V shows the average lime consumed in moving one centimeter 
I BiNBT FT OiliKiiER, Surla vilfat .in maavtmiKli giafikiqtti. Rcvue Philo«*pW- 
M. 1893 I 664. 
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for each direction, by each subject ; also the average slope of the lines 
actually drawn for each slope intended. 











Table 


V. 
















Tim&, 










Subject 


o° 


45° 


90° 


X35° 


x8oO 


aas® 


2700 


3x5° 


c 


28.6 


32.2 


44.4 


57.6 


25.2 


27.4 


37.6 


45.8 


D 


15.2 


II. 


14.4 


20.2 


132 


14.6 


16.8 


15.6 


X 


21.2 


30.2 


32.6 


53-4 


21.4 


36.6 


39.4 


43.2 


G 


18.6 


24.8 


36.4 


43.2 


^ 17.8 


24.2 


33.6 


36.0 



Unit of measurement, o = o.ooi'. 



Slope. 



Subject 


cfi 


45* 


900 


135° 


180O 


225O 


270** 


3«5° 


c 


6.2 


38.0 


61.6 


1392 


1882 


212.4 


246.0 


310.8 


D 


8.0 


34.2 


79.2 


160.4 


191. 6 


221.2 


256.0 


341.8 


X 


3.0 


46.8 


104.0 


133.6 


186.0 


2394 


271.8 


306.6 


G 


5.0 


26.6 


71.4 


155.4 


187.6 


220.4 


252.4 


3X3.0 



Unit of measurement, I**. 



The preceding tables showed that the movement at about 45° was 
more rapid than that at 0°. 

In this table, for the second subject only, we find more rapidity in the 
angle 45''"' than for 0°. The slope of the disk is doubtless the cause of 
this change. As was found in the preceding tables, the slowest move- 
ment is about 135^. 

The movements in the angle 225"^ for the preceding tables is more 
rapid than those of iSo^, but in the case of every individual in this 
table, the opposite is true. 

The tendency to incline the direction of the lines toward that quad- 
i rant or j\irt o\ the quadrant where the easiest movements are made, is 
shown in ihe second |vart of Table V in the results of all the subjects ex- 
cept the third one. This record was obtaineii from the obserxer himself. 
He had noiiceil this tendency on the juri of the other subjects, and a 
conscious efiori to move more nearly in the exact direction indicated, re- 
salted in the line Ix^ing inclined in the opposite directions in the cases of 
the lines iniendevi for 45;^, oc^, i;>^^, 22^'\ 270^' and ;l^". 

The lines for c-' and iSo^ show the sume tendency as the records of 
the other s;:biec:> ; this, doubtless^, is di:e to the fac: that the obsener did 
not noiivO anv s^i^h tendencv for these lines until he had be^run to meas- 
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B. Small ffiovefnents. 

First series of experiments. 

The apparatus in the form used for the above experiments was not 
suitable for determining the speed of movements of smaller extent. In 
order to measure the time of movement for the distance of one centi- 
meter for the angles of the four quadrants as in the preceding experiments, 
the following change in the apparatus was made. 

The rod carrying the metal blocks, the revolving contacts and the wire 
frame used to raise the bamboo rods were removed from the desk. 

A brass tube, C of Fig. 12, of three centimeters in outside diameter 
and twelve centimeters long, was suspended from the center of the upper 
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disc by an axle on a pivot, E, five and four-tenths centimeters from its 
top end, in such a manner that it might be caused to swing in the line 
of the slit only ; the top end extended one -fourth of an inch above the 
top of the upper disc. 

A T-shaped support, Gy carrying adjustable contacts, /^and F\ on the 
arras of the T was fastened to the lower disc, so that, as the tube sus- 
pended from the upper disc was made to swing, these contacts would be 
in the plane of the movement. 
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The contacts were so adjusted that from the time the lower end of the 
tube, in making one swing, touched the first, until it touched the second 
one, the top end of it had passed through the distance of one centimeter. 
As in the arrangement of the apparatus used before, the contacts were 
connected in parallel to each other, and in series with the Deprez marker. 

The time of movement was registered on the drum for both directions 
of the swing of the tube. Stops, D and D ', were placed in the slit of the 
upper disc so that the tube might swing just beyond the contacts. The 
entire distance through which the top end of the tube might swing was 
one and four-tenths centimeters. As the tube was caused to swing in 
one direction the time of the movement through one centimeter was re- 
corded for that direction. As it was moved back the direction of the 
movement was 180° from the direction previously taken. 

The subject was seated at the desk as before, with the exception that 
now the elbow rested on the desk. The desk was so adjusted, however, 
that the arms were close to the body, when the subject sat in an upright 
position. 

In the place of the pen point, a wire, B^ was loosely hinged to a com- 
mon pen-holder. The subject held the pen -holder in any manner he 
chose. The wire upon it was permitted to slide into the tube ; the end 
of the pen-holder rested lightly on the top of the tube. 

With this arrangement it was possible to move the tube back and forth 
in the same manner as one might make lines with a pencil in the re- 
quired directions. 

The subject was requested to make movements forward and backward 
as rapidly as possible with the full arm, allowing the elbow to rest on 
the table and not making any movement of the joints of the fingers or 
wrist. The term, full arm movements with rest, will be used to denote 
these movements. Some of the subjects held the wrist flat, resting the 
arm on the cushion formed by the group of muscles just below the elbow. 
Most of them, however, took a more comfortable position of the wrist, 
allowing the palm to be turned toward the body, so that there was not 
so much of a cushion of muscle on which to rest the arm. 

The forward movements were always in the direction of the radius for 
the angle used, while the backward movements were in the direction of 
the radius for the corresponding angle of the quadrant opposite. 

.\t the signal **go" the subject made the first motion forward and 
back and continued to make them as rapidly as possible until signalled 
to stop. Records were made in this way for each angle marked on the 
disc as l>efore. 

KM ihe records for the angle o^, the first, third, fifth and so forth, were 
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for the forward movements, the second, fourth, sixth and so forth, 
for the backward movements, or, for the angle 180°. So for each angle 
the odd numbered records gave the time for the movement in that direc- 
tion, and the even numbered records the time for the movements 180° 
from this angle. 

In reading ten records for each angle, the five odd numbered ones 
were placed in the column for that angle, and the five even numbered 
ones in the column for the angle 180° larger. The angles of the first 
two quadrants then produced five records for each angle of the four quad- 
rants, and the angles of the last two quadrants furnished the other five 
records for each angle ; thus ten records for each angle were obtained. 

Table VI shows the averages of the results of nine subjects. 













Table VI. 












Subject 


0° 


150 


30° 


45° 


6o<? 


75° 


QOO 


105° 


laoo 


135° 


150° 


165^ 


A 


33-6 


28.6 


29.7 


27.0 


28.6 


33-9 


35.6 


42.0 


39-6 


39-3 


390 


34.9 


D 


21.2 


21. 1 


19.6 


22.4 


21. 8 


234 


26.3 


293 


31.5 


28.1 


28.5 


26.5 


F 


44.7 


27.3 


29.7 


34.5 


43.8 


493 


51. I 


68.5 


63.3 


61.5 


56.4 


49-9 


G 


29.7 


25.6 


21. 1 


23,2 


25.8 


27.4 


31. I 


34-9 


30-7 


32.0 


31 2 


309 


P 


26.4 


22.7 


17.1 


20.3 


234 


29.7 


34- X 


31.6 


33-4 


38.5 


36-7 


32.9 


Q 


350 


304 


30.0 


32.8 


36.1 


35.8 


38.3 


42.3 


41.4 


47.3 


42.8 


38.1 


R 


32.7 


24.5 


239 


25.8 


28.5 


31.8 


33.9 


32.8 


34.0 


35-3 


32.7 


29.9 


V 


23.6 


22,8 


27.5 


29.3 


33'<^ 


29.9 


38.8 


37.7 


41.4 


41.3 


42.5 


35-3 


W 


32.2 
310 


28.2 


24.5 
24.8 


25.2 
26.7 


26.8 


28.4 
32.2 


32.0 
35-7 


33-4 
39-2 


35-2 
38.9 


41.4 
40.5 


38.3 
37'(>^ 


33.6 


Av. 


257 


29.8 


39 5 


Subject 


180° 


195° 


aioo 


aas© 


240° 


255° 


370° 


2850 


3000 


3»5° 


330° 


345° 


A 


315 


28.4 


28.9 


304 


33-9 


34.8 


40.1 


41.9 


38.6 


39.7 


38.4 


34.2 


D 


21.6 


2x3 


19.6 


19.5 


24.4 


27.1 


30.1 


29.2 


30.6 


30-4 


26.2 


256 


F 


39.x 


28.2 


30.8 


32.2 


42.7 


45.7 


47.0 


58.4 


56.2 


57.6 


55.3 


51.0 


G 


29.6 


23.6 


20.5 


20.7 


27.1 


29.2 


33-3 


37.4 


35-4 


36.6 


34-3 


33.1 


P 


29.2 


22.0 


I7.I 


20.4 


23.0 


30.2 


34.9 


32.1 


31-2 


35.7 


35.5 


37-7 


Q 


3^-3 


31.8 


31.0 


32.4 


35-2 


37-2 


38.0 


38.3 


39.6 


44.4 


42.9 


41.0 


R 


32.6 


26.3 


21 3 


22.8 


32.1 


32.3 


34-6 


32.7 


34.1 


37. J 


34.6 


26.9 


V 


26.3 


25.0 


32.3 


33-3 


36.8 


40.0 


37.8 


39-9 


45.5 


472 


43.1 


33-6 


W 


31.6 


27.4 


26.5 


26.2 


28.2 


30.2 


33.0 


33.8 


35.8 


39-9 


36.7 


39-5 



Av. 31. 1 26.0 24.2 26.4 31.5 34.1 36.5 38.2 38.6 41.0 386 35.8 

Average for quadrants I and 11,33.1; average for quadrants III and IV, 33.0 
average for all quadrants, 33.1. 
Unit of measurement, a =: o.ooi". 

The subjects were A, Z>, P, Q, jR, F, graduate students, J^, a mechanic, 
G a teacher of a commercial college, and Ji] a college freshman. 

These movements are very nearly the same as those recorded in the 
two preceding tables, and the results resemble those somewhat. There 
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is, however, this difference : the movements for all angles of quadrants I 
and II average 33. i*' , while those of quadrants III and IV average 33.0*' . 
Without doubt, this very slight difference is due to chance. That is, 
movements towards the body have no advantage over those from the body 
when the freedom of the full arm movement is restrained by resting the 
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arm on the muscle below the elbow. The most rapid movements are, as 
before, found to be at the end of the first third of quadrants I and III. 

The results in Table VI are shown graphically in Fig. 13. The curves 
are plotted in the same manner as those of Fig. 7. The ordinate shows 
the relative time consumed in the movement, the abscissa, the size of the 
angle. The solid line shows the results of Table VI. 

Second series of experiments. 

As originally planned, there were ten persons tested in the preceding 
experiments on full arm movements with rest. The same ten persons were 
then requested to make movements as before, but with the fingers and 
wrist, not allowing the full arm to move. 

Records were obtained from nine of them, but the tenth one, the 
janitor of the laboratory, found his fingers too stiff to permit of ease of 
movement. Five trials were made upon him. He wished to make the 
movements rapidly, and in order to do so would change the position of 
the arm so much, that it seemed impossible to class his records with 
those obtained from the other subjects. In order that a comparison might 
l>e made between the full arm movements with rest, and the finger-wrist 
movements, the records of but the nine were given in Table VI. 

The records for these nine p)ersons in the finger- wrist movements are 
given in Table VII. 

Fig. 13 presents these results graphically ; for the sake of com[>arison, 
the results of Table VI are shown in the same figure. The dotted 
line in that figure shows the results of Table VII. 

Table VII gives an average of 2^^.^" for the first two quadrants and 
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Table VII. 












Subject 


<P 


X5° 


300 


45° 


60° 


75° 


Ooo 


105° 


1200 


>35° 


ISO® 


165" 


A 


26.9 


26.8 


24.7 


23.9 


24.0 


25.9 


29.1 


28.0 


311 


32.3 


32.2 


33.6 


D 


26.6 


26.8 


26.1 


24.4 


28.0 


28.8 


34.2 


33.8 


37.6 


36.8 


40.4 


36.1 


F 


32.6 


33.5 


30.2 


28.8 


29.0 


32.0 


36.9 


42.6 


44.0 


40.4 


44.0 


40.8 


G 


28.5 


26.3 


30.1 


29.9 


39.8 


39.6 


31-4 


41.8 


42.6 


430 


41.4 


41.0 


P 


35.9 


309 


43-2 


41.5 


38.1 


38.2 


37.8 


43.9 


43.8 


47.5 


48.9 


50.1 


Q 


44.2 


37.2 


37.2 


ZZ'^ 


36.6 


37-7 


41. 1 


47.8 


48.5 


51.0 


47.6 


44-5 


i? 


28.2 


3»-5 


26.5 


3«-3 


36.9 


39-1 


46.6 


48.6 


46.4 


52.4 


51.2 


43- 1 


V 


41.4 


38.6 


32.9 


31X 


36.2 


35.3 


43.3 


45-1 


46.9 


45.6 


44.6 


444 


IV 


45-0 


51.3 


50.7 


52.7 


52.x 


53.0 


57-2 


57.3 


51.1 


50.8 


48.4 


549 


Av. 


344 


33.7 


33.5 


Zl'^ 


356 


36.5 


39-7 


43-3 


43-6 


44.4 


44-3 


43-2 


Subject 


180° 


195** 


210° 


225° 


240° 


955° 


270° 


285° 


300° 


3^5° 


330'' 


345** 


A 


24.8 


23.9 


25.7 


23.8 


24.9 


24.8 


25.7 


25.4 


26.7 


28.x 


27.8 


28.3 


D 


26.9 


27.4 


26.1 


24.9 


309 


31.6 


35-3 


37.8 


36.5 


39.2 


39-6 


l^Z 


F 


36.9 


33-2 


32.0 


26.8 


3>o 


32.5 


32.9 


35.2 


39.3 


39.1 


38.6 


35.8 


G 


26.7 


25.9 


29.4 


38.5 


47.6 


40.1 


47.8 


48.5 


45.4 


44.0 


42.0 


41.6 


P 


35.1 


32.5 


42.7 


46.8 


35-6 


40.4 


42.8 


41.6 


52.6 


52.6 


50.1 


46.6 


Q 


45.1 


32.5 


311 


30.7 


30.6 


34.0 


390 


45.1 


44.9 


50.1 


42.3 


43.3 


R 


27.6 


32.1 


25.5 


29.1 


34.1 


47.5 


38.2 


40.5 


42.5 


43-6 


39.0 


38.3 


V 


44-9 


40.5 


37.8 


30.4 


29.7 


26.3 


32.8 


36.3 


39-7 


43-2 


41. 1 


41.5 


W 


56.7 


43-5 


531 


56.4 


52.0 


56.3 


55-7 


54.2 


49.0 


50.8 


50.7 


53.0 



Av. 36.1 32.4 33.7 34.2 35.2 37 I 38.9 40.5 41.8 43.4 42.4 40.7 

Average for quadrants I and 11, 38.8; average for quadrants III and IV, 38.0; 
average for all quadrants, 38.4. 
Unit of measurement, <t = 0.001". 

38.*^ for the last two. This is a greater difference than was found in 
Table VI, but, as in all the tables, excepting the first one, that difference 
is in favor of movements toward the body. 

The full arm movements with rest average for all the angles 33. \^ ; the 
finger-wrist movements average for all the angles 38. 4*^ ; hence, there is 
greater ease in the full arm movements with rest. The difference is 5.3*^ , 
that is, the finger- wrist movements are 16% more difficult, — or, at least, 
require 16% more time than the full arm movements with rest. 

The slowest movement with the fingers and wrist retjuircd 44.4 ^^ 
[135°] ; thequickest 32.4*' [210°] ; for the full arm movements with rest, 
the same angles required 40. 5*^ and 24.2*^. This shows a loss of 3.9*^ 
and 8.2*^ respectively in the finger and wrist movements, or of 9.6% 
and 33.8% respectively. It will be noticed that the movements com- 
pared here are those for corresponding angles. Should a comparison be 
made between the vertical strokes of the finger-wrist movements, and the 
movements at about 30° of the full arm movements with rest, as Wood- 
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WORTH ' has done, we would (ind the advantage in favor of the full arm 
movements with rest to be 14.9", or, 60.1^ of the time required for 
the full arm movements with rest. This is greater than he found it to be. 
Fig. 14 shows the results of Tables VI and VII plotted after the man- 
ner of Fig. 8. The dotted line represents the time for the Rnger-wrist 




movements, the solid line that for the full arm movements with rest. 
The distances along the radii show the relative time consumed in the 
movements. 

II. The natural slant ov the oval. 
Since it is impossible to draw a circumference of a circle by one sweep 
of the hand or arm, the figure formed must be an oval, and one of its 
dianieCers longer than the others. 

Has the longest diameter of ovals, made in the attempt to draw a circle, 
a defmite direction for each individual, or, does the direction var>' so 
\_ that no definite angle can be expected ? 

' Wooriu-.xnK, The <uair,uy of v,'luntary mmicmml. Psychological R»iew. 
Moiio),'r3ph Supplemeni, 1S911, III, log. 
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The style of writing is due very largely to training. Should the ovals 
of persons tiained to write, especially of adults, be examined, we would 
expect to find the slant of the oval to be the same as that of the prin- 
cipal strokes in their writing. 

If some particular slant rather than another is natural to man, it seems j 
that it should be observed in the ovals made by the untrained. 

Do children who have never been taught to write, but who know what \ 
a ring is, when trying to make a ring, make an oval whose ** slant" is / 
90°, or is the slant more, or is it less than 90° ? 

Through the kindness of Dr. Stewart H. Rowe, Principal of the Lovell 
District in New Haven Public Schools, it was possible to obtain some 
ovals from thirty-nine children in the Lovell kindergarten. 

These children had not been taught to write, but had used the pencil 
and brush for drawing. They have been permitted to hold the pencil 
as they pleased, no special form being taught them. The brush is held 
much higher than the pencil, but aside from being told to hold the brush 
nearer the top, there were no instructions in regard to the manner or 
holding it. 

The children were seated at tables eight feet long and sixteen inches 
wide ; the tables differed in height ; the lowest was nineteen and one- 
half inches, the highest twenty-one inches ; the tops were divided by 
lines parallel to the sides of the table into one inch squares. The 
chairs used were from ten and one-half inches to twelve and one-half 
inches high. The children were seated as comfortably as it was possible 
to seat them with such chairs and tables. The smaller children were 
placed at the lower tables. 

The tables did not permit an ideal position in writing. Some of 
the elbows, when lying on the tables, were much too high for ease in writ- 
ing. Usually in such cases the child would stand up or rest his weight 
on one knee on the chair in order to get a more comfortable position for 
making the movements. 

There were two classes in the school ; one present during the morning 
session, and one in the afternoon session. The morning session began 
at nine o'clock and closed at fifteen minutes after eleven. 

The classes were each divided into two sections. Each section w^as 
seated in a different part of the hall used for the school. Three tables 
arranged in the form of a quadrangle, with the chairs outside of the 
quadrangle and the teacher's table within, made it possible for the chil- 
dren to all face the teacher and be quite near her, as she stood by the 
table. 

The teacher of the second section was following out her regular program 
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while the teacher of the first section was directing her pupils in the work 
to be done for the experiment. 

A lead pencil and a sheet of manilla paper of the size nine and one- 
half by eleven and one- fourth inches were placed on the table before 
each child in the first section. The paper was placed in front of the mid- 
dle of the body, one of the short sides being on the first line of the table. 

The teacher then said : ** Now children, this man has come to see us 
to-day and he wants us to make some little rings on the paper. We must 
be sure to keep the edge of the paper on the first line in front of us. We 
must not move the paper at all ; we must keep that real still ; and now 
we will make some rings for him, about as big as a penny, as big as my 
ring*' — showing the children her ring. 

The children were carefully watched and if there was any tendency 
to move the paper, a weight was placed on it at the upper left hand cor- 
ner. If this did not prevent its moving, the teacher or the experimenter 
would hold it with the hand. 

After at least ten rings had been made by each, the papers were marked 
with the name of the child who had made the ovals upon it, and with 
L signs to indicate the form of movement used, and collected, and other 
papers of the same quality and size distributed ; these papers had each a 
ring of 1.4 centimeters stamped upon it near the top. The line forming 
the ring was five-tenths of a millimeter in width. 

The children were again cautioned to keep their papers on the lines 
and to hold them still ; then they were asked to make some rings like 
the rings on the paper. 
T After a number of rings had beeji made by each child — using the same 

precautions as before to see that the paj^er had been held in one position 
while making them — the papers were marked as before and collected. 

A third piece of paper like the first one, a brush and a small glass 
containing a water color were then placed before each child ; the chil- 
dren were now asked to make small rings with the brush ; the size, **as 
big as a penny '* was asked for. 

After marking and collecting these j^pers, a fourth paper was given 
them like the second, with the ring stamped on it near the top, and they 
were now asked to make rings with the brush just like the ring on the 
paper. 

These papers were marked as before : and, after collecting them, this 
section of the class was kept busy with the regular work, and ovals were 
made by the second section in the same manner. 

While the hnit section were making the ovals, the second section had 
sung and played with building blocks. No work had l>een done with a 
l>encil or bnish. 
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The work of making the ovals was begun at fifteen minutes after nine 
and completed at fifteen minutes after eleven ; as this was the time for 
the session to close, the pupils were then dismissed. 

The session for the afternoon class was from half after one to fifteen 
minutes after three. The entire time was required to get the ovals. The 
class was divided into two sections as before, and the ovals were obtained 
in the same way as at the morning session. 

There were twenty present in the morning class. One of this class 
refused to do as requested, so his papers were not used. The papers of 
two of the twenty-two children present in the afternoon were not used 
for the same reason. 

The thirty-nine papers used were gone over carefully and lines drawn 
through the ovals in the direction of the longest diameter. The judg- 
ment by the eye was sufficient to determine the longest diameter in most 
of the ovals ; in a very few cases the difference was so slight that it was 
deemed best to apply a graduated scale. 

The observer had taught geometry for five years ; his familiarity with 
geometrical figures was such that illusions of length produced in him by 
intersecting lines or the figures ordinarily used to demonstrate such 
illusions were very small as compared with the average person. This 
qualification, perhaps, made him better suited than the average person 
for doing this sort of work. 

The papers were each fastened to a drawing board, square with the 
board and in the same relative position as to the observer as they had 
been to the child. 

The drawing edge of a T-square determined the base line for a pro- 
tractor, and the angles of the Jines of the longest diameters, previously 
drawn, were in this way rapidly measured. The angles were measured 
according to the convention mentioned above (p. 21), the right hand por- 
tion of the A!' axis being considered as the initial position, and the radius 
moving counter clockwise. 

Some of the papers contained only ten ovals and some many more. 
Two papers contained as many as thirty-nine ovals each. As it was im- 
possible to make a selection of the ovals, in every case all the ovals were 
measured on each paper. 

The average for each paper is shown in Table VIII. 

The first and third sets, A and C, of the ovals were considered as hav- 
ing been made with freedom. Certainly it would be impossible to make 
the children understand what was wanted of them in any manner that 
would put less constraint upon them. Limiting the size to about a penny, 
or the size of the finger ring, was necessary to prevent making them so 
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large that it would be impossible to get a sufficient number oi ovals on 
the paper. In most cases the size was nearer that of a silver half dollar 
or three centimeters. 

Table VIII. 
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The pencil or brush was held by the child in any way he wished. \ 
Some changed their manner of holding it often. Three children began 
by holding the pencil by the ape grasp, that is, the thumb not opposed to 
the fingers ; afterwards they made use of a manner much like that of the 
average person except that the fingers were too cramped for ease. In 
two cases the pencil was placed between the first and second finger. 
Most of the children imitated the manner in which the teacher held her 
pencil, that is, — the pencil was held between the thumb and second 
finger, with the forefinger resting upon the upper right side of the pen- 
cil, and the pencil resting against the knuckle of the forefinger. 

They grasped the pencil more firmly than was necessary, but ap- 
proached very nearly to this position. 

The second and fourth sets, B and D, were made under the partial 
constraint of having a copy to reproduce. The copy had very little in- 
fluence on most of the children, the size of the ovals made being about 
the same as before. In some cases there was an earnest endeavor to re- 
produce the copy, at least the size of it ; but in most cases there was no 
difference in the appearance of the papers as to there being more uniform- 
ity in the size or the slant of the oval. 

The slant of the oval in some papers varied from o® to 175®. In most 
cases, there was much less variety of slant. ^^ 

A free full arm movement was used in most cases, the exceptions 
being : numbers i, 3, 5, 8, 10, 12 and 20 in exercise A, i, 14 and 37 
in exercise B, and 30 in exercise D, in which the finger and wrist move- 
ment was used entirely ; and in numbers 15, 17, 21 and 29 of exercise 
A, 3, 7, 8, 10, 14, 15, 17, 18, 21, 24, 29, 35 and 37 of exercise B, 24 
of exercise C, and 21 and 28 of exercise D, in which the finger and 
wrist movement was used part of the time, and the free arm movement 
part of the time. 

The ovals made by the finger and wrist movements were smaller than 
the pattern, the others much larger. 

The pencil does not permit so much freedom of movement as the brush. 
We might expect the brush then to give a slant that is more natural. 

If the experiments whose results are given in Tables I to VI inclusive, 
have shown the direction in which the movement is easiest, we should ex- 
pect the greatest length of the oval to lie in this direction. 

The averages for the four sets of ovals are 82.4°, 82.1°, 76.4" and 
73.8° respectively. The slight difference between the averages of the 
first and second sets is to be accounted for wholly by chance. The dif- 
ference between the third and fourth sets may be accounted for in the 
same way. The difference between the first two sets and last two sets. 
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however, may be due to some cause other than chance. This cause may 
be found in the difference between the instruments used in making the 
ovals, and the results seem to warrant this conclusion. 

The Tables I to VI inclusive show that a straight line may be made 
^at a slant of between 30° and 45° with the most ease ; the line perpen- 
dicular to this line being the most difficult. In making the ring the in- 
tention is to make all axes of the same length and the hand is con- 
sciously turned out of its initial direction ; but, it does not move easily in 
the direction of the moving radius for the angles from 120® to 135** and 
the corresponding angles from 300° to 315**. 

The movement is made with one continuous swing of the p>encil or 
brush. The eye has no time to correct the movement,^ the muscle sense 
alone governs the extent of movement in either direction. 

As the feeling of effort made by the eye in running along vertical lines 
is greater than that made by running over horizontal distances of the 
same length, and so results in an over estimation of the vertical distances, 
so, we find that the greater effort required to make movements in the di- 
rection of the radii of quadrants II and IV causes the distances passed 
over in those directions to be overestimated by the muscle sense. 

After the ring has been made, the eye discovers the error due to the 
muscle sense. A desire to correct this may cause an extra effort to be 
made in the direction in which the movements require a greater amount 
of muscular strain, and so the angle made by the longest axis of the oval 
may be increased ninety degrees in the second attempt. The attempt to 
correct the difference causes the variety of slants as found on some papers. 

Let the reader with his eyes open make a **ring ** rapidly. Then 
closing the eyes, but with no conscious effort to correct the length of 
the diameters, that is, moving the pencil with the same purpose as be- 
fore, make another one : the similarity of the two ovals will be striking. 
There will be no effort to correct the diameters of the ovals if several 
rings are made with the eyes closed. 

It would be possible to get children to make rings with the eyes closed 
or, perhaps better, blindfolded ; but the fluctuating back and forth 01 
the longer axis in the method employed with the children in this experi- 
ment, will doubtless on an average produce very nearly the same slant 
as that which would be obtained with the eves closed. 

111. ThK Mi>VEMKNr n> HE USED IX WRITING. 

The following discussion is based partly on the preceding experimentsand 

partly on more general principles of psychology and facts of experience : 

> WoonwoRin, /'!<• .;. .wf./. r 1;'' '.c'untary mc^.iment^ Psychological Review, Mono 
graph Supplement, lSo«) HI 72. 



Researches on movements used in luriting. 53 

Children, in first learning to write, use the finger and wrist move- ) 
ments. Such movements by the small hands produce very small letters, 
and the teacher must give a great deal of attention to the movement of 
the full arm in order to train the child to make use of the movements 
which permit the formation of larger letters. 

The full arm movement when the elbow is resting on the desk, for 
which we have used the term full arm movement with rest, is much 
more rapid than the finger and wrist movement. 

One of the subjects, G^ in some of the experiments recorded here, uses 
the forearm movement, suggested by Woodworth,* for writing his signa- 
ture — that is, the side to side swing of the forearm — *' the direction of the 
line of writing is nearly toward the body, or more exactly in line with the 
forearm. A backward movement of the whole arm carries the hand 
along the line, while the side to side motion of the wrist and forearm 
make the separate strokes. * * The top of the paper, for this form of 
movement, must be inclined to the right. This movement produces 
writing with very sharp angles. 

It is certainly an easy movement but the head will be inclined toward 
the right to make the reading easier for the oblique position of the paper. 
The straight middle position for the paper would cause the elbow to be 
pushed outward and forward, so that the forearm may be parallel with the 
bottom edge of the paper ; this encourages a stooping of the shoulders, 
and necessitates bending the head forward so that the chin is pressed 
closely to the throat, compressing the air passages. Such a position can- 
not be used in the schools, and we question the value of using it even for 
adults. 

The finger and wrist movement permits round forms for the letters, 
and so a more legible hand ; it is very much slower than the full arm 
movement with rest, requiring not less than 16 per cent. (p. 45) more 
time than those movements, so that the loss of time in producing the 
writing doubtless balances the gain in legibility. 

Experience has shown the teachers of penmanship that neither move- 
ment, by itself, should be used to the exclusion of the other : if used in 
combination, the freedom of the forearm can be united with the more 
delicate touch and shaping power of the fingers, enabling the writer to 
execute easily and rapidly, with less fatigue than with either movement 
separately. 

For small children, the greatest attention should be given to develop- 
ing a good, full arm movement. Even with much care in this direction 

'WOODWORTH, The accuracy of voluntary mcrvements. Psychological Review, Mono- 
graph Supplement, 1899 III 106. 
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The slate has become a matter of history at least so far as our schools 
are concerned. The lead pencil will always be with us, but the child 
should be furnished with very soft ones. 

The earlier training with the brush and pen will have taught the child 
how to prevent rubbing the soft pencil mark. 

IV. The best slope for writing. 

The question of economy in time always enters into the discussion of 
any system of writing. The experiments recorded above have shown the 
directions in which the movements may be most easily made. They all 1 
show that the most rapid movements are near the end of the first thirds / * 
of quadrants I and III. 

By means of experiments similar to those made by Woodworth, it 
has been recognized that the most rapid short movements are those made 
by swinging the forearm back and forth, resting on the muscles below 
the elbow as a pivot. 

The exact angle at which the movements must be made with reference 
to the body had not been determined previous to the experiments recorded 
above, but the direction was well enough determined to cause the ex- 
ponents of the sloping systems of writing to affirm that a slope of 
48° permitted the most rapid writing. In order to understand fully the 
direction of the principal strokes for this slope, we must consider the 
directions given to students of these systems.* 

Four positions of the writer may be properly assumed : the left, the 
right, the right oblique and the front ; but since the demands of school 
hygiene are that the front position only should be used, we will consider 
that position only. For such a position the students are instructed to sit 
directly in front of the desk, keeping both sides equally distant from it. 
The paper should be turned so that the bottom edge forms an angle of 
20° with the edge of the desk. 

If a slope of 48® be added to this angle we find that the down strokes, 
that is, the strokes determining the slant, are 68° from the X axis or the 
front line of the body ; or, to use the notation employed above, these 
strokes are along the radius for the angle 248®, and lie in the latter part 
of the third quadrant. 

The slope recommended for general writing and for instruction in the 
schools was 52° ; this in like manner would mean an angle of 72° to the 
X axis or 252° for the down stroke. 

The up strokes of the letters are made at an angle of 34° to the base 
line ; because of the slope of the paper their direction is that of the radius 

» Spencer, Spencerian Key to Practical Penmanship, 27, New York, 1872. 
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for the angle 54°. Exceptions to this rule are found in the case of the 
letters rand j, the initial stroke of which would be at an angle of 39® to 
the base line ; and of v, whose up strokes should be at 45°. So we find 
that the up strokes varied from 54° to 65° from the A' axis. 

The slant that resulted in great beauty was 60°. Then the range of 
slant varied from 68° to 80° with the X axis, according as speed or beauty 
was most required ; the down strokes therefore lay in quadrant III be- 
tween the radii for the angles 240° and 260°. 

The experiments on large movements, p. 37, have shown the great 
tendency to change the slope toward the directions most easily made, 
if The hand in trying to use a slope between 60® to 48° would uncon- 
^^sciously take a greater slope of from about 50° to 38°. The lines lying 
at such small angles to the base line become hard to distinguish. The 
distances between the lines are very much diminished as the slant 
from the vertical is increased, and the turns, being more and more nar- 
rowed, come to be angles. Such angular writing is very hard to read 
rapidly. 

The hand acquires a slope in writing that is usually farther removed 
^rom the perpendicular than the model used as a copy in learning to 
write. This has been observed by teachers of writing. 

By the time the habit had been acquired, and the individual's style de- 
/^( veloped, it was found that the slope actually used was a much greater 
'deviation from the vertical. The vertical systems, which gained general 
acceptance so quickly, form an excellent means of producing a legible 
and rapid hand. The child is taught to make his strokes vertical ; the 
hand acquires the habit, and the deviation from this direction is not usu- 
ally more than 10°. 

The paper before the writer, being square with the desk and immedi- 
ately in front of him, has the same position with reference to him as the 
disc in the desk used for the experiments on small movements, p. 41. The 
down strokes then take the directions from 255° to 270°. The com- 
mercial colleges noted the deviation from the vertical, and, not knowing 
the cause, concluded that this direction was ** natural " to the hand and 
they accordingly adopted the slant of about 70°. We recognize that 
with the paper in the straight middle position, the position recommended 
for vertical writing, the movements for this slant are made in the same 
directions as those insisted upon in the Spkxckrian systems of writing. 

As the results of our experiments would indicate, it was found that the 
slope taught was not adhered to. 

Such a style of writing is not as legible as the copy set before the 
pupil, nor as the style used by the students of the vertical systems. 
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Gradually the commercial college men changed their copy till they )) 
now use a system very nearly vertical ; the angle which the principal )^ 
strokes make with the A' axis is about 85® ; the paper is inclined to the 
left 10°, thus a slope of 75° with the base line is produced. The devia- 
tion from this slope which we now expect results in a slope of about 70°, 
for the individual styles of the students. The habit has been acquired by, 
the student and the writing produced is very legible. 

The public schools are no longer upon insisting the strictly vertical / 
forms for every pupil. 

Objection is made to the position of the paper before the middle of 
the body. For a paper five and one-half inches wide, the left side should 
be placed directly in front of the middle of the body, according to many 
instructors. 

The Supervisor of Penmanship in the public schools of a city where 
one of the vertical systems is used, suggests that for older pupils, and to 
aid in rapid writing, the lower left hand corner of the paper should be 
moved even farther to the right — perhaps an inch and a half — and the top 
of the paper then inclined toward the left about ten degrees. Down 
strokes that approach 270° are then made for the principal ones; this 
means that the slant taught would be one of about 80° with the base line, 
and we are not surprised to find that, when the individual's style is ac- 
quired, it proves to be a slope of about 75° or that of the copy used by 
the business-college men. 

Because of the construction of the arm, the movements near the end of 
the first third of quadrants I and III are most rapid and the attempt to 
make a line of any given slope will result in a slope which approaches 
nearer the easiest movement for that quadrant except where a conscious 
effort is made to prevent this ; in writing, no such effort is made. A ^ 
copy of considerable slope, though legible, will produce a style of writing / 
with a greater slope and less legibility ; it is in this that the vertical sys- 
tems have a decided advantage over the older, or Spencerian systems. 

A very near approach to the copy is of course desirable, but is not at- 
tained by most writers, and never in any case without long practice. Be- 
cause of the tendency to increase the slant from the vertical, children \ 
when learning to write in the Spencerian systems are unable to produce ' 
results that can be easily read. With the so-called vertical systems, an in- 
crease in the slope, though found, is not sufficient to render the writing 
illegible, and a readable hand is more easily acquired. Care in instruction 
will tend to improve the legibility and the final style for the student is 
much better than that of most of us who were instructed in the Spence- 
rian systems. 
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The question of the legibility of the styles acquired by the individuals 
must decide which slope is the best. The slope desired must be chosen 
first, and the copy made a few degrees nearer the vertical. 

The greater the slant from the Y axis, the more rapid will be the 
writing, even to the extent of causing the principal strokes to make an 
angle of 45° or less with the X axis. 

Such a direction for the strokes would require that the top of the jiaper 
be turned somewhat toward the right, in order that the resulting writing 
may have the necessary slope with the base line to make it legible. 
/ The strictly vertical slopes are not so easy to make. The slant of 
^bout 75° permits legible writing; as the slant approaches the verti- 
cal, it is of course more legible, but as the angle decreases below seventy 
the legibility decreases rapidly. The down strokes of such a slope are 
in the direction of the radius for about 255°, provided the paper be square 
with the desk. The up strokes are about 15° less than this slope or 
about 60°. 

Vertical writing would require 270'^ movements for the down strokes 
and, when the upstrokes do not coincide with the down strokes, move- 
ments of about 75° for the up strokes. 

The experiments on small movements, p. 41, show that the movements 
for 270° require only 7 per cent, more time than the movements for 
255°; the 75° movements require about the same proportional increase of 
time more than 60° movements require. 

Most of the systems of writing have this difference of slant between 
the up and down strokes. The turns are those of a rather narrow ellipse. 
This is not as legible as a more circular or round turn. With broad 
round turns the up strokes may follow the lines of the down strokes and 
thus produce a style of writing more nearly like the printed characters. 
This is desirable, especially for the child making his first efforts. 

The elliptical slanting up strokes, as our experiments show, are more 
ra[)id than the vertical straight strokes, but speed is not a consideration 
^for the beginner. For the young child, the purpose is to fix upon him 
the visual and muscular sense images of the different letters and to prop- 
erly associate them. 

When the letters such as ///, //, w, //, /, and so forth have the up 
and down stroke coincident as far as possible, the appearance of the 
letters is much more simple, and the form more easily fixed in the 
child's mind. 

The reason for turning the paper about 10° toward the left is that in 
moving the hand along the base line, or in writing a long word, the in- 
clination of the paper admits of an easier movement. 
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The time required to move the hand along the 10° radius is 20 per 
cent, less than the time for a movement along the radius of 0°. 

Any turning of the top of the paper toward the left will cause the 
child to turn his head toward the left, so as to make the line joining the 
eyes parallel to the base line of the writing. 

Many lecture halls have small tablets secured to the right arm of the 
chairs in order that the student may have a support for his notebook. 
During the present college year we have given attention to the positions!) 
taken by the students while writing. The tablets are almost wholly to 
the right of the writer ; the notebooks are so placed that their tops are 
turned towards the left when on the tablets. There was not one student ]] 
observed at any time during the year whose body was in an upright posi- 
tion and head square on the shoulders while writing his notes. The ] ] 
head was inclined towards the left and the spine curved, in order to / ' 
twist the line joining the pupils of the eyes into a position parallel with 
the base line of the writing and as nearly directly above the paper as 
possible. 

When the notebooks rested on the knees the same bending of the head 
was to be seen. 

This is the old habit acquired at the school desk during the writing 
lesson. For the children who are just beginning to write, the question )0 
of speed is of no importance. The fundamental thing is to educate the 
muscles that the proper coordinations may be made to form legible char- 
acters. Let every precaution be taken to keep the position of the child 
upright, the head square upon the shoulders. A front straight position, 
with the left side of the paper on the median line or a little to the left 
of it, is the only one that admits of this. Let the up strokes be merely 
a vertical retracing of the down strokes when the form of the letter will 
permit. 

A base line is desirable that the eye may more surely guide the hand 
in writing a line across the page, or in properly lining the letters in a 
word. Other lines on the paper will cause the child to give more attention 
to the spacing and height of the letters than to the form. Much energy 
will be devoted to causing the letters to just touch the top line ; the head 
will be drawn down to the paper, the back curved and the shoulders bent 
forward in the attempt to see just beyond the point of the pen, so that it 
may not be moved too far in the upward stroke. 

Connecting the letters is desirable ; for, as the child slowly moves the 
hand in producing the up stroke, the eye has time to estimate the dis- 
tance, and the tops of the letters are for that reason very nearly in a Ime. 
Without these guiding lines, the tool used in writing is raised from the 
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paper at the base line ; the movement toward the place from which to 
begin the formation of the next letter is rapid ; the muscles not trained, 
overestimate the distance, and the top of the next letter is often half the 
height of the letter above where it should be. The child may be gov- 
erned by the size of the copy and so make this letter entirely above the 
line ; or, if much has been said about writing on the line, the letter may 
be made enough larger than the copy to permit of its resting on the line. 
The next jump may be underestimated in the endeavor to not go too 
high, and, lo make the letter full size it must extend below the base 
line ; perhaps influenced by the strict injunction to write on the line, 
the letter is reduced in size to suit the space. Such results are discourag- 
ing to the child. With connecting lines, the movements are made more 
slowly, and the distances estimated. 

\s skill is acquired, the pupil may see that these lines are not essential 
parts of the letters and may omit them altogether ; but this will not 
happen until speed has been acquired, and the need of reducing the time 
of forming the letters results in dropping all unnecessary lines. 

BixET and Courtier,* found that separated letters may be made more 
rapidly than connected ones. 

It is a great strain on the nerves of the hand and arm to attempt to 
keep a constant pressure on the paper for all strokes. Raising the pen or 
pencil from the paper removes this strain ; the upward movements may 
be made much more freely and with greater ease if it is not necessary to 
trace the path of the movements on the paper. 

The up strokes at the beginning and end of a word, which the small 
child must make with so much care in the older systems of writing, are 
of no assistance to the reader, if they do not actually hinder him. 

For rapid reading, only the lines essential to the forms of the letters 
should be on the paper. 

Jackson states'* that ** Continuity in writing is one of the preeminent 
elements of speed." He admits later: ** It cannot be too strongly im- 
pressed upon our teachers that the laws and rules which determine shape, 
size, direction and junction of strokes and letters are not fixed and immu- 
table, but arbitrary and conventional ;" but even this cannot prevent him 
from expressing astonishment that a certain person, one who fails to con- 
nect his letters according to the Jacksonian method, **a voluminous 
writer and author," and whose correspondence is ** immense," should 
** still survive in remarkably good health." 



» BiNET ET Courtier, Siirla viUssc des mouvemcnts ^raphique^ Revue Philosophique, 
1893 I 667. 

* Jackson, Theory and Practice of Handwriting, 51, London, 1893. 
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The statement that ** every word should be finished before removing 
the pen " is often printed in bold type in books on writing and insisted 
upon by most teachers of writing. 

An examination of the writing of these persons, however, will show 
that they do not follow this principle. One such' person in a letter to 
the secretary of a publishing house upon the subject of writing stated : 
*'The fact is — as perhaps this rapid scrawl of mine will in a measure 
evince — the joining of letters is the one efficient means of securing 
rapidity and continuity in the composition of a word. Of course, 
however, the manner of joining, leading doubtless to some modifica- 
tions of the system now in vogue, needs to be determined and reduced 
to a practical art.** In this section of the letter, dealing with the ques- 
tion of rapidity, we may see spaces between the letters in twenty-eight 
cases. 

The places within the words where the pen has been raised and a 
letter has not been joined to the preceding one are indicated by italicis- 
ing the letter after each such jump of the pen, in the following manner : 
**The fact is — as perh<7ps this rapid sn*awl of mine will in a medrsure 
evince — the joining of letters is the one effinent means of securin^i,'- 
rapirf'ity and continuity in the comp^ition of a w^r^. Of course, how- 
ever, the manner of joining, \tad\x\g doubt/ess to some mo//ifications of 
the system now in vo^ue, nee^/fe to be determi//e^ and x^d\xctd to a pnu*- 
tir^l art." In these twenty-eight cases there can be no doubt at all 
that the pen was raised while writing the words, for the letters are not 
joined. The manner of joining, in six cases, is such as to show that, 
though the lines actually meet, the pen had been raised. 

A specimen of the writing of the principal of a business college, of this 
city, was examined. In this as in practically all business colleges, the • 
students are taught that a continuous motion is necessary for speed. The 
specimen examined, however, showed many letters disconnected. The 
teacher though using a continuous motion, when possible made that 
motion easier by removing the friction of the pen upon the paper, and 
relieving the muscle of the hand for an instant from maintaining the 
constant pressure upon the paper. 

The shading alternating with fine hair lines contained in some of the 
older ** advanced '* copy books provided a means of relieving this strain 
by varying the pressure. The hair lines were always the less important 
ones. Many rapid writers make few lines with the upward stroke of the 
pen. These movements as our experiments have shown, are harder to 
make than the down strokes. 

If the hand is trained well to move the proper distance the line of 
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the writing is not badly broken by a failure to estimate the distance in 
the rapid upward jump of the pen ; nor is the forward movement in pass- 
ing from one letter to the next, overestimated to such an extent as to 
destroy the continuity of the word. This training we believe can be more 
easily acquired by using connecting lines with beginners. 

For the beginner, we would suggest that : the copy contain all the 
connecting strokes ; that in the letters m^ n^ u and similar forms the up 
strokes coincide with the down strokes as far as possible, producing broad 
round turns ; that the slope be 90° ; that the paper be placed straight be- 
fore the child, the left edge on or a little to the left of the median line. 

If the up strokes slope off from the down strokes in the letters 
mentioned, the legibility is not so great and the illusion produced by 
the copy is that the down strokes slope backward. Such a copy might 
cause the child to write a back hand. 

The copy may show the lines connecting the letters without a break in 
a word, but we should not insist that the pen be not raised during the 
writing of the word; it doubtless will be raised, but the downward 
strokes will meet the connecting lines, and the child will be aided in 
estimating the height of the letters and the spaces between them. 

The position suggested for the paper permits the child to follow the 
pen more easily with the eye. 

With such a manner of writing children will acquire a legible hand 
quickly. The great mass of the people who leave the schools early in 
the course will be able to write a legible hand. 

There should be no studied effort to disconnect the letters. Such an 
effort may cause a full stop at the close of each letter. If the hand has 
been trained to a continuous movement, when writing rapidly without 
any effort to raise the pen, it will be seen to jump over the distance in 
the upward strokes when the down strokes must retrace the path made 
by the up strokes. This manner of writing soon leads to the omission 
of many of the connecting lines. The result is more legible than before 
these lines were comitted, and the speed is increased by the saving of 
time in the rapid free movement of the pen. 

The sizes of the letters should be reduced considerably from the large 
copy placed before the beginners. Each pupil should be allowed to 
make those sizes naturally agreeable to him, after the forms of the 
letters have been thoroughly mastered. The space between the lines 
should be sufficient to prevent any appearance of crowding, and to per- 
mit paying no attention to the lines. 

The lines are often a means of retarding the speed, for some attention 
is given to keeping on them. If the hand has been trained to write on a 
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line, it will not be a difficult task to continue in a straight line without 
the aid of the ruling. 

When speed is demanded from the advanced pupil, a slight slanting of \ 
the paper to the left may be suggested. The movement in forming the I 
letters is now a fixed habit, and their direction with reference to the body / 
will not change. The result is that a slant between 75° and 85° is now 
used ; this is legible and permits greater speed than the strictly ver- 
tical. 

The question is often asked : Is there any valid objection to teaching a \ 
back hand? The experiments recorded above show conclusively that I 
there is at least one valid objection, that is, such a slant requires move- / 
ments that are comparatively very hard to make and so reduces the/ 
speed to such an extent that it must be considered impracticable. 

For the students of stenography the question of speed is of the greatest 
importance. The older systems contain many characters that must be \] 
made by movements in the direction of the radii of quadrant IV. These 
movements are very slow, requiring 27 per cent, more time on the average J 
than the movements of quadrant III and 24 per cent, more than those of 
quadrant I. 

One system of shorthand, introduced into this country about 1893, 
contains no characters that must be made in either quadrant II or IV, 
and the slope of the characters is such that they lie very near the middle 
of the quadrants I and III. In this respect, then, this system of short- 
hand is the most rapid yet devised. Since shorthand never requires a 
series of lines parallel to each other to be closely connected, this slope 
does not reduce the legibility. 



RESEARCHES IN CROSS-EDUCATION 

(^Second Series^ 

BY 

Walter W. Davis. 

Further experiments on the effects of practice in voluntary movements 
have been made since the publication of my first paper on the subject.* 

I. Transference of practice effects. 

Experiments with the maximum grip of the hand were begun in March, 
1900. An oval spring dynamometer of the usual form was employed. 
The dynamometer test is not one of endurance, but of strength. To 
make a good record requires a strong impulse for only a moment of time. 

Fifty subjects were secured — 25 men and 25 women, all students or 
instructors at Iowa College, Grinnell, Iowa. The maximum pressure 
that each could exert on the dynamometer was determined for both right 
and left hands. To avoid the variation due to fatigue, the records w^ere 
taken in the order R, Z, Z, Ry and then an average taken of R^ R, and 
of Z, Z. These average records were called the initial records for right 
and left hands. After the initial records were secured, practice was be- 
gun and extended over a period of three weeks, the subject exercising 
his grip four times per week. At the end of the practice final records 
were taken in precisely the same manner as at the initial test. The dif- 
ference between the two records gave the amount of gain. 

Great care was observed to have all the conditions of the initial and 
final tests precisely the same. Four points were carefully watched, i. 
The dynamometer was placed in the hand face downward. This pre- 
vented the subject from seeing his own record, and there was no danger 
of the fingers stopping the progress of the pointer. 2. The instrument 
was carefully i)laced so that the pressure was exerted in a line perpendic- 
ular to the long axis. 3. One side of the dynamometer was placed in 
the crease of the second joint of the fingers, so that when it was gripped 
it pressed against the second row of phalanges. 4. Care was exercised 
to prevent the subject from pressing the hand or arm against the body. 

The initial and final tests and the daily practice occurred at the same 
time of the day and as nearly as possible under exactly the same condi- 



' Davis, Researches in cross educa/iofty Stud. Vale Psych. I^b., 1898 VI 6. 

64 



Researches in cross-education. 



6s 



tions. The practice consisted in gripping the dynamometer lo times on 
each occasion, with intervals of 2 or 3 seconds of rest after each grip. 

The subjects were divided into five groups. These groups with the 
method and manner of practice are shown in Table I. 

Table I. 
Kind of practice by the subjects. 





Subjects. 


Method of practice. I instrument used. 


Hand practiced. 




Group 


I. 


Vigorous. 


Dynamometer. 


Right. 




Group 


II. 


Light. 


Dynamometer. 


Right. 




Group 


III. 


Light. 


Dynamometer. 


Left. 




Group 


IV. 


Light. 


Cylindrical stick. 


Right. 




Group 


V. 


Light. 
Characteristics 


Dynamometer. 

Table II. 
of the Subjects : Men, 


Right and left. 


Serial 




Group. 






number. 


Age. 


(See Table I.) 


Previous training. 


Temperament. 


I 




27 


I 




nervous. 


2 




23 


II 




phlegmatic. 


3 




23 


III 


track athletics. 


phlegmatic. 


4 




22 


IV 


track athletics. 


motor. 


5 




22 


V 


baseball. 


motor. 


6 




22 


I 




phlegmatic. 


7 




22 


II 




nervous. 


VA 


22 


III 


track athletics. 


phlegmatic. 


8 




21 


IV 




motor-phlegmatic. 


9 




20 


V 


general athletics. 


phlegmatic. 


10 




20 


I 




motor. 


II 




20 


II 


general athletics. 


phlegmatic. 


12 




19 


III 


track athletics. 


nervous. 


13 




19 


IV 




phlegmatic. 


14 




19 


V 




nervous. 


15 




»9 


I 




phlegmatic. 


16 




18 


II 




phlegmatic. 


17 




18 


III 




phlegmatic. 


18 




18 


IV 




nervous. 


19 




18 


V 




motor. 


20 




18 


I 




phlegmatic. 


21 




18 


II 




nervous. 


22 




21 


III 


track athletics. 


nervous. 


23 




27 


V 


general athletics. 


motor. 


24 




19 


II 


track athletics. 


motor. 


25 




24 


IV 


lifting weights. 


nervous. 



Those subjects who practiced vigorously made 10 efforts daily, using 
the maximum strength at every effort. Those who practiced lightly 
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made lo efforts using from about f to ^ of the maximum strength. The 
cylindrical stick was 3 inches long by i inch in diameter. Those sub- 
jects who practiced with both right and left hands made 5 efforts with 
each hand on each day. 

In order that the influence of age might not affect the results sought, 
the subjects were distributed by fives among the groups as shown in 
Tables II. and III. By such a distribution the average ages of all the 
groups were nearly the same. 

Table III. 
Characteristics of the subjects: Women, 

Temperament. 

nervous -motor. 

phlegmatic. 

nervous-motor. 

motor-phlegmatic. 

moderately phlegmatic. 

phlegmatic. 

nervous. 

moderately phlegmatic. 

nervous-motor. 

nervous-motor. 

motor-phlegmatic . 

nervous. 

motor. 

phlegmatic. 

nervous-motor. 

nervous. 

motor- phlegmatic. 

motor. 

nervous-motor. 

motor. 

phlegmatic. 

motor. 

nervous-motor. 

nervous. 

phlegmatic. 

The previous training for the men and women was determined differ- 
ently in the two cases. In Table III. the length of the period of phys- 
ical training was reckoned from the number of years each subject had 
spent in the gymnasium in actual required class work, such work being 
compulsory except for seniors in the college. Since gymnasium work 
had not been required heretofore of men, it was necessary to set a dif- 
ferent standard for them. This standard was proficiency in athletic 
sports. 



Serial 




Group. 




number. 


Age. 


(See Table I.) 


Previous training. 


26 


25 


I 


I year. 


27 


22 


II 


4 years. 


28 


22 


III 


2 «* 


29 


21 


IV 


2 " 


30 


21 


V 


I year. 


31 


20 


I 


2 years. 


32 


20 


I 


2 ** 


33 


20 


III 


I year. 


34 


20 


IV 


I ** 


35 


20 


V 


3 years. 


36 


19 


I 


2 «* 


37 


19 


II 


2 " 


38 


19 


III 


I year. 


39 


19 


IV 


2 years. 


40 


18 


V 


2 '* 


41 


19 


I 


I year. 


42 


19 


II 


I 


43 


18 


III 


4 years. 


44 


19 


IV 


I year. 


45 


17 


V 


3 years. 


46 


17 


I 


I year. 


47 


25 


V 


7 years. 


48 




II 




49 


21 


III 


2 years. 


50 


24 


IV 


2 
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The factors of the grip that affect the strength of the pressure on the 
dynamometer are very complex even in one individual. Factors which 
favorably affect the pressure in a certain person may be entirely counter- 
acted by factors which affect the pressure unfavorably. In another sub- 
ject the factors may oppose each other in an entirely different fashion. 
When many conditions that are favorable to the strength of pressure are 
present in one person we then expect that person to make a good record 
of strength. 

For convenience we have classified all factors as either, (<j) those that 
are not affected by a short period of practice such as that during which 
our investigation was carried on, or {h) those that may be affected by 
such practice. The first four factors belong to the former group, the 
others to the latter one. 

I. Effect of length of hand. — This factor is of some importance. 
The longer the hand the longer must be the levers on which the muscles 
pull and consequently the greater the strength that may be exerted on 
the dynamometer. This factor may be almost entirely counteracted by 
others, as is evidenced in the case of the men in Table IV. The im- 
l)ortance of this factor is shown quite clearly in the case of the women. 

Table IV. 

Length of hands as a factor in dynamometric pressure. 

Men: Women: 



Shortest hands. Longest hands. Shortest hands. Longest hands. 
Average length in mm. 186.3 200.1 166.8 x8o.2 

Average pressure in kg. 48.1 48.2 26.0 JO«3 

To construct Table IV. the hands of all the subjects were measured 
with a measuring stick ; the distance was measured from the primary 
crease on the front of the wrist to the end of the middle finger. The re- 
sult 186.3"*" represents the average length of the 10 shortest hands 
among the men, 200.1°"° the average length of the 10 longest^ all 
of the subjects being taken into account in one or the other class. In 
the case of the men, those who had short hands seem to have possessed 
other qualities that counteracted the disadvantage of the short hand. 
There was an altogether different arrangement of fiivoiable and unfavor- 
able factors in the case of the women. Of course^ the number of meas- 
urements taken was too small to make any very important generalizations. 

2. Effect of length of forearm. — Miller * has found a definite relation 
between the length and the strength of the forearm. 

> Miller, Relatiom of length and strength in the fortmrm^ Ptaib. cf the Univ. of 
Penn., I900 IV 153. 
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3. Effect of muscular dei^elopment of the hand and arm, — However 
important the part that this factor plays in the amount of the pressure, 
it is not probable that it was affected by the short practice of this experi- 
ment. It has been pretty clearly demonstrated too in this investigation 
that the test under consideration is not nearly so much one of muscular 
power as it is one of mental power. 

4. Effect of temperament, — Galen's universally adopted classifica- 
tion of the temperaments into choleric, melancholic, sanguine and 
phlegmatic was not followed. For several reasons a different classifica- 
tion was more suitable to our needs. Since it was our purpose to dis- 
cover the readiness of the subject to respond to practice (considering 
exercise as a stimulus, and development of motor ability as the response 
to this stimulus), our needs were subserved better by a classification 
based fundamentally on the ability to respond quickly to a given stimu- 
lus, and not by one based on both the strength and quickness of the re- 
sponse. An outline of such a classification is presented as follows : 

weak weak 

/ \ / \ 

Xer\-ous — medium — Motor — medium — Phlegmatic. 

\ /' \ / 

strong strong 

The ner\-ous temperament reacts quickly to a stimulus ; this reaction 
may be either weak, medium or strong. The phlegmatic temperament re- 
acts slowly : this reaction may l>e either weak, medium or strong. The 
motor lemj^^erameni stands midway between the ner\ous and phlegmatic, 
if we consider time of reaciion as the chief element in classification. 
The motor subject's reaciion may l>e either weak, medium orstrong. This 
classincaiion makes strength of reaction a secondary consideration and 
quickness of reaction the primary consideration. 

There is a v;uestion whether the nen o::s j-erson does not as a matter 
of fact react more weakly than the rh;egma:ic one. To throw some 
iicht 0:1 :h:s ivint. the a\era*:o cri;^ was determined for all the men clas- 

V. 4 C^ %. ft 

sif.evi as yh*egnutic. The s.inie w.is c.or.e with the records of the motor 
ar.ii r.crvov.s subiocts. The a\ora.:e res;f.:s are i;i\en in Table V. 
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The table shows that the phlegmatic subjects in this particular group 
of individuals are slightly stronger than the motor subjects and consid- 
erably stronger than the nervous subjects. The fact is especially notice- 
able among the women. The fact noted, however, does not prove that 
the phlegmatic temperament per se is stronger than the nervous or the 
motor ; nor would it be even though the results obtained here should be 
substantiated by similar ones secured from a large number of observa- 
tions. There are several factors that tend to counteract, in the nervous 
type, any inherent power that it might have for the exertion of great 
strength. These are the mechanical factors that we have enumerated 
above. 

In the first place the nervous person is smaller, generally speaking, 
than the phlegmatic person. This fact accounts in a measure for his 
being nervous ; for the whole mass of muscles to be controlled being so 
much smaller, innervation is accomplished much more quickly. The 
hands are smaller and shorter, the forearm shorter, and hence the subject 
is placed at considerable disadvantage. Moreover, this disadvantage in- 
creases in more than arithmetical proportion, as the result of one factor 
at least, namely, the shortness of the hand. When the dynamometer 
just fits the hand and when the muscles and levers work in just the right 
arrangement, a good record is expected. But when the hand is so small 
that the pull must be made with the first phalanges rather than with the 
second, a tremendous disadvantage is met with, and there is a much 
smaller record. 

This theory is strengthened by a comparison of the length of hand for 
men and women with their respective dynamometric records. Table 
VI. shows this comparison. While in length the women's hands averaged 
89.7% that of the men's their strength was only 58.7% as great. The 
difference in strength would not be so great if it were not that the 
leverage of the small hand is not so good. 

Tablr VI. 

Relative strength of men and women. 

Subjects. Aver, length of hand in mm. Aver, pressure in kg. 

Men. 193-2 48.2 

Women. 173-4 28.3 

Above a certain point however great length of hand is of no advan- 
tage. Reference to Table IV. makes this statement clear. The men 
averaging 200. i"" for length of hand were very little stronger than those 
averaging 186.3"". The very large hand is at a disadvantage because 
the d3mamometer is pressed on one side, now, by the third phalanges 
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instead of the second. Table V., too, supports this conclusion. The 
natural inference is that the best method of grasping the dynamometer is 
to place one side in the crease of the second joint so that pressure is 
made with the second phalanges. 

It seems necessary, then, in discussing temperament, to consider all 
the factors enumerated above, and the problem becomes more and more 
complex. An effort will be made in Part II. to present a somewhat 
more comprehensive view of the influence of temperament on bodily 
strength and its relations to muscular development. 

Of the factors influencing the strength of dynamometric pressure we 
have named four: (i) length of hand, (2) length of forearm, (3) 
muscular development of the hand and arm and (4) temperament. 
These four factors are not easily affected by a short period of practice. 

5. Coordination. — By coordination we mean the ability to innervate 
a particular muscle or set of muscles so specifically that very little of the 
motor impulse escapes into muscles not concerned in the movement that 
is being performed. It is the ability to direct motor impulse ; or 
speaking from another standpoint it is muscular control. The term is 
best expressed in common speech by the word ** knack." This factor 
is much improved by practice. Athletes possess it in a greater degree 
than men who have not had special physical training. 

6. Stored energy. — This must be found in two places, in the motor 
nerve cell and in the muscle. It must be present in the ner\'e cell to 
generate the motor impulse and in the muscle to cause the contraction. 
Its absence in either place would make muscular action impossible. 
Fatigue means simply a loss of potential energy — hence fatigue is in- 
ability to do work. The authorities are agreed that complete loss of 
potential energy is sustained sooner by the central nerve cells than by the 
peripheral organs. Hence Ve say that central fatigue appears before 
peripheral fatigue and so a protection to the muscles is afforded. Poten- 
tial energy must be present in large amounts in tests reiiuiring a maxi- 
mum exertion through a long period of time. 

7. Will power or volitional po'iCtr. — Potential or reser\'e energy is of 
no use until it is changed to kinetic energy. This change is effected in 
all primarily conscious tests by conscious volition. One's ability to ac- 
comj^lish feats of strength depends, in great measure, on his power to 
transform the potential energy of the motor cells into the kinetic energy 
of the nervous impulse. In addition to this, the strength of a muscle 
must depend on the readiness with which the potential energy of the 
muscle is changed by the motor impulse into the kinetic energy of the 
muscular contraction. 
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Lombard, in his experiments with the ergograph, has shown that in 
tests of endurance the potential energy must fail before the will tires. In 
tests of strength which require the quick accumulation of the potential 
energy of the nerve cells and its ready change into the kinetic energy 
of the nervous impulse, it is the power of volition that fails. The con- 
version is not readily made. Still it is probable that even in tests ot 
strength an abundance of potential energy is favorable to great exertion. 

8. Impressibility, — The fourth factor that is affected by practice is the 
openness of pathways for nervous impulse. By disuse of any nerve or 
set of nerves, the pathway of the impulse is obstructed, and innervation 
of the muscle is made difficult. 

Factors 5, 6, 7 and 8 are all affected by practice and exercise. Vo- 
litional power increases by exercise. Exercise stimulates the growth of 
nerve and muscle cells and influences the storing up of energy. Coordi- 
nation improves by practice. The frequent passing of a nervous impulse 
keeps the necessary paths free and open. 

To get a basis for comparison Table VII. was arranged to show the 
average transference of the effects of practice. With the averages shown 
there the transference of any group may be compared. Only groups I., 
II. and III. were put into the table. Group IV. was left out because the 
conditions under which the subjects of this group worked, were not, as 
will appear later, at all favorable to transference. Group V. also very 
evidently should not appear in the table. 

After casting out Groups IV. and V., and certain individuals for vari- 
ous reasons, the results for 12 men and 14 women are shown. The 
results in the columns headed First final were secured immediately after 
the three weeks' practice ; those under Second final four days thereafter, 
no practice occurring in the meantime. The numbers under the heading 
Direct gain represent the gain made by the hand practiced ; those under 
Transference the gain of the hand not practiced. In Groups I. and II. 
the transference is from right hand to left ; in Group III. it is from left 
hand to right. 

Two facts show themselves clearly from a glance at the table : 

(tf ) The results due to fatigue. — As a result of the practice the men gain, 
at the first final, 8.06% with the hand exercised, and 9.92% with the 
hand not exercised. At the second final after a rest these figures are re- 
versed; 9.53% and8.8i%. That is, the hand practiced, made, at the 
first final, a smaller percentage of gain than did the hand not practiced, 
but at the second final test its percentage of gain was the greater. In 
the case of the hand exercised it seems that the fatigue of a three weeks* 
practice had caused its low record at the first final ; but at the second 
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final it had reached its normal tone by reason of a four days' rest. The 
other hand had at the second final already lost some of its gain. Hence 
its lower record. 









Table VII. 










Ptrcentages of gain by practice. 










/. Men. 










First final test. 


Second final test 






( After three weeks' practice. ) 


(After four 


days' rest.) 


No. 


Group. 


Direct gain. 


Transference. 


Direct gain. 


Transference. 


I 


I 


0.48 % 


7.05 % 


2.88^ 


12.94 % 


2 


II 


12.22 


"•34 


13.33 


13.53 


3 


III 


8.41 


14.68 


10.28 


18.81 
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II 


12.05 


10.35 


15.06 


00.57 


VA 


III 


10.20 


9.74 


4.90 


— 2.96 


lO 


I 


3.67 


9.42 


2.29 


11.00 


II 


II 


12.30 


26.77 


10.53 


17.70 


12 


III 


3^45 


17. II 


5.52 


12.50 


i6 


II 


— 0.47 


1. 12 


1.89 


— 0.56 


17 


III 


— 2.08 


0.00 


3-12 


— 4.02 


20 


I 


20.10 


2.73 


25.92 


18.03 


24 


II 


17.39 


7.74 


18.63 


8.22 


Average 


8.06 


9.92 


9-53 


8.81 
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26 


I 


12.50 


o.oo 


7.69 


— 6.05 


28 


III 


6.31 


— 2.56 


10.52 


— 0.85 


31 


I 


9.00 


2.90 


12.82 


5.07 


32 


I 


— 306 


— 3-33 


3-82 


4.61 


33 


III 


21.21 


15.69 


6.89 


5.21 


36 


I 


1.42 


— 4.91 


10.00 


— 4.10 


37 


II 


20.00 


43-94 


18.88 


33.33 


38 


III 


2.63 


— 0.77 


12.28 


13.95 


41 
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551 


— 3-53 


— 1.04 


1. 17 


42 


II 


0.78 


7 14 


9-37 


7.93 


43 


III 


10.68 


9 73 


2538 


24.71 


46 


I 


— 309 


1.06 


3.09 


— 2.12 


48 


II 


1. 61 


3-03 


4.83 


6.06 


49 


III 


5.21 


9.80 


6.25 


6.86 


Average 


6.45 


5.84 


10.05 


6.81 



The eiTects of fatigue are seen, too, in the women's averages. Here, 
the hand not exercised seems to have been affected by Xht fatigue of the 
other, which it is quite evident was very great ; and it does not reach its 
normal tone until after a short rest. There is a point in time shortly 
after the end of the practice when the effects of fatigue have just vanished. 
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This point would of course differ in all individuals. If a test could be 
made just at this time it would show the best record that the hand prac- 
ticed could possibly make. Such a record would be better than that of 
the unpracticed hand at its most favorable time. Still in a test of 
strength like that with the dynamometer this best possible gain would 
undoubtedly be nearly the same for both hands. 

{b^ The difference between the results secured from men and women, 

A comparison of the averages for men and women shows : ( i) that the 
women gave more negative results ; /. e. , there were more failures among 
them to make gains from practice, there being five negative results regis- 
tered for the men and eleven for the women ; (2) that there is a greater 
regularity in the gains made by the men. These are only two examples 
among many observations made throughout the research, indicating 
greater reliability, in tests of motor ability, among men than among 
women. Boys in their abundant out-of-door life gain a more perfect and 
thorough muscular control than it is possible for girls to do. This is in 
accord with the results obtained by Gilbert in his experiments on vol- 
untary motor ability, on reaction-time and on the judgments of weights.* 

After these few words in general it will now be necessary to study the 
results in connection with our classification of the individuals into groups. 

Table VIII. shows the average relative gain of each group for both men 
and women. The groups will be considered separately. 
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12.68% 
3.62 


7.01% 
— 1.30 


10.36% 
6.06 


14.32% 
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7.46 
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9.46 
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6.38 


11.88 

23.7 < 

5.95 
17.26 


7.89 

15.77 

6.c8 

9-77 


1. 00 


— 2.6j 








2.90 


—338 


5.55 


1.51 


1.70 
3.78 


6.03 

8.69 


3.88 
931 


9.27 
13-91 



Groups. 

I ( Men. 

* \ Women. 

,j f Men. 

* \ Women. 

Ill [ ^^"• 

* \ Women. 

* \ Women. 

y r Men. 

* \ Women. 

Group I. : Vigorous practice with dynamometer^ fight hand, — This group 
is the only one that was practiced vigorously. A curious fact that can not 
be fully explained at present, is shown by a comparison of the results 
from the records of the men and women. There is a decided transfer- 
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ence shown by the men but more by the women. It is rather start- 
ling to note that the women did not gain with the hand not practiced. 
Of the six women in this group, three at the first final test gave minus 
results with left hand, one, zero, and two, small gains. It should also be 
remarked, however, that even for the hand practiced two women felled 
to make any gain. An improvement is also noted in the second final test, 
where the right gained 6.06% and the negative result of the left was re- 
duced from 1 . 3 % to o. 2 % , indicating that the effects of fatigue had begun 
to pass away before the second final test was made. The temperament of 
women as contrasted with that of men may be suggested as a probable 
explanation of the facts noted. The more nervous temperament of the 
women was strongly affected and seriously fatigued by the vigorous prac- 
tice. It may be said that the two women of this group who made gains 
with the left hands at the first final were classified as phlegmatic. This 
class of people, since they react slowly to stimulus of any kind, would 
not be so strongly affected by the heavy practice as persons of a more 
nervous temperament. This consideration will be further discussed in 
the section on temperament. 

Group II.: Light practice with dymwiometer^ right hand. The subjects 
of this group show, in general, a greater gain than those in Group I. This 
is especially true of the women. Our conclusions in regard to the fatigue 
shown by Group I. are corroborated here. Especially clearly, in the case 
of both the men and the women, is the fact shown that fatigue causes the 
h;ind practiced to make a smaller record at the first final test than the un- 
practiced hand can make. And for both men and women there is a re- 
versiil of the figures at the fmal test : the unused hand having already 
begun to lose the etTects of practice. 

Group III.: //c^// practice icith t/ynamometery left hand. — Three ob- 
servations are made troni an examination of the results secured by the 
practice of this group of subjects. 

I. Practice of the left hand increases the strength of the right as cer- 
tainly as practice of the right increases the left. This has already been 
shown by WoiMnvoKTH. In reality it would seem that the transference 
may l>e greater in right-handed persons from left to right than from right 
to left. This supposition is supix)rted in a measure by the next two ob- 
servations made from the results given by this group of subjects. 

-*. The men gained more with the right hand than with the left. 
Won\en i:ained more with the let"t. 

;. There is not a reversed of these tiijures in the second final test as 
was noicil in Viroups I. and II. That is, the ettects of fatigue are not so 
n\anitVst. 
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It is probable that these facts are explained by certain theories in 
regard to the conduction of the motor impulse. The impulse is more 
apt to follow old paths. In new paths greater resistance is met, and the 
impulse may be retarded or deflected. Reference is made in this con- 
nection to \Vi»SLER*s conclusions on the diffusion of the motor impulse. 
Now the right hand is used much more than the left, though this state- 
ment is not so true of girls as of boys. Hence there would be a greater 
diffusion of the impulse into the right arm through the use of the left, 
than would happen vice versa. So there would be a greater transference 
in right-handed persons, from left to right than from right to left. This 
conclusion is strengthened by the fact that there is no reversal of the 
figures in the second final test. Fatigue did not appear in so great 
measure as in Group II., who practiced in precisely the same manner as 
Group III., except that they exercised the right hand instead of the left. 
There was greater diffusion of the motor impulse in Group III., hence 
less fatigue resulted. 

Group IV. : Light practice with cylindrical sticky right hand. — Two 
noteworthy observations were made in regard to this group. 

1. The gains in development for the hand practiced were small. The 
average gain for the men was only ^^ kg. (1%); for the women, 0.85 
kg. (2.9%). These gains are significant when compared with the gains 
made by the first three groups. They are much smaller than the gains 
made by the subjects of investigation by Anderson,' who found a gain 
of d.-^ lbs. (=2.9 kg.) for right hand and 7.8 lbs. (=3.5 kg.) for 
left, the right hand alone being practiced. There was, however, a dis- 
tinct difference in the methods of practice followed in the two investiga- 
tions. In one case the practice was made vigorous, in the other light. 
With the subjects in Group IV. the exercise was probably not favorable 
to the development of will power ; in Anderson's investigations the con- 
ditions were favorable for such development, the subjects being instructed 
in the daily practice to exert all their strength. Further comparison of 
these results is made on page 78. 

2. There was an absence of any transference of the eff*ects of practice 
to the unused side. There is an actual loss recorded for the left arm. 
The men lose, at the first final test, 2.6%, the women lose 3.3%. 

Observations (i) and (2) would seem to indicate: («) the great 
importance of becoming used, in the daily practice, to the instrument 
with which the tests are made. The muscles learned how to contract 
properly for pressure of the cylindrical stick but gained no advantage 

'Anderson, Study in the effects of physical trainin^i^ Amer. Phys. Education Re- 
view, 1899 IV 3. 
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from this knowledge for gripping the dynamometer ; (3) the importance 
of volitional power and coordination in the transference of the effects 
of practice. 

Group V. : Zig/t/ practice with dynamometer , both hands, — In this 
group both hands together received as much practice as only one hand 
in the other groups : /. e, , each hand made 5 pressures of the dynamom- 
eter in each daily practice. As much work was done in practice as 
was done by Groups II., III. and IV,, but it was distributed between the 
two hands. 

The following observations are made from an examination of Group 
V. 's practice and tests : 

1. The tendency of both men and women was to refer the effects of 
practice to the left hand (see Table VIII.). The left hand being natur- 
ally weaker and less expert than the right there is a greater chance for 
development in its case. 

2. The effects of fatigue are shown more clearly here than in any other 
group : /. e. , there is a greater ratio of difference between the gains of 
first and second final tests. The ratio of first final gain to second final 
gain is represented in Table IX. There is a great regularity of the 
ratios comparing the results from men and women subjects, much greater 
than in any other group. This shows that the effects of direct exercise 
are more regular than the transference effects. 

Tahle IX. 

Ratio of gains in first and second final tests. 

R. L. 

Men. I : 2.22 I : 1.53 

Women. I : 2.43 I : I.60 

It is now proposed to attempt the determination of those factors of 
practice that are influential in causing the transference of practice effects. 
We do not mean to say that ** cross-education *' will be explained simply 
by showing the factors necessary for the transference. The deeper 
physiological and psychological explanation can be made only after a 
complete understanding is had of volition, of voluntary movement and 
of the coordination of mind and muscle in the production of movement. 
It can be pointed out, however, from results secured by several methods 
of practice that the development of certain factors in neuro-muscular ac- 
tivity are of the greatest significance in bringing about the education, 
both of the parts practiced and also of other parts which seemingly are 
not directly concerned. 

The methods of practice referred to in this connection are in part in- 
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volved in the groups discussed above ; in addition, an investigation by 
Dr. Anderson, of Yale University Gymnasium, will be freely discussed. 
Dr. Anderson's experiments were made in the winter of '9 7-* 98, his 
subjects being secured from one of his classes. I was a member of this 
class and one of the subjects of the experiment. Hence it is not over- 
stepping the bounds of logical procedure to compare intimately, results 
secured by two observers at different times and places. 

Dr. Anderson's subjects practiced by two methods. One group. A, 
practiced vigorously with a cylinder of wood, 3 X i in.; the other group, 
B, practiced vigorously with the dynamometer. The only difference then 
between the two methods of practice was in the use of differently shaped 
instruments. For comparison, the methods of practice of Dr. Ander- 
son's subjects and the results secured from their practice arc arranged in 
a table with the methods and results of practice of the subjects of Groups 
11. and IV. Table X. shows this comparison together with the factors 
that seemed to contribute most largely to such results. In all the groups 

Table X. 

The factors of transference. 

Experimenter. Group. Instrument. Method. R. L. Factors. 

{A Cylinder. Vigorously. 6.3 lbs. 7.8 lbs. Volitional power. 

r> T^ . tr. 1 -- - (Volition. 

B Dynamometer. Vigorously. 1 1. 7 132 { CoSrdinaUon. 

{IV Cylinder. Lightly. 1. 1 — 2.6 Volition. 

II Dynamometer. Lightly. 10.6 11.5 { vdli^r'''"* 

only the right hand was used in practice. The average gains for all 
groups are given in pounds. 

We should judge a priori : (i) that there would be a disadvantage in 
practicing with the cylinder ; and that subjects using it would not gain 
as much as those using the dynamometer. We say in common speech 
that there is always a knack to be learned in acts that involve strength or 
skill ; (2) that those practicing lightly would not gain as much as those 
practicing vigorously. Our second a /r/V?r/ judgment is not supported by 
very decisive results. 

It is not necessary to compare each group of the table with all the 
others. We may compare Groups A and B to determine the effect on 
the results of practice, of using differently shaped instruments when the 
practice is vigorous; and Groups IV. and II. to determine the results 
when the practice is light. That an intimate comparison of the four 
groups might be made is proven by an examination of the results of 
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practice of Group B, Table X., and Group I., Table VIII. The method 
of practice is precisely the same in the two groups, but the time of prac- 
tice varies. In spite of the difference in the time of practice the gains 
made are very nearly the. same in both cases. The average of first and 
second final for Group I. is R, ii-95 lbs.; L, 10.45. This is even less 
than the gain made by Anderson's Group B though the practice of 
Group I. was longer. This indicates that the volitional power necessary 
for a certain act probably reaches its maximum development with only a 
short practice. 

Table X. shows that the results secured vary in a remarkable degree. 
Group B practicing vigorously with the dynamometer makes the greatest 
gain; R, 11. 7 lbs., L, 13.2 lbs. Group IV. practicing lightly with the 
cylindrical stick gains the least; R, i.i lbs., L, — 2.6 lbs. An examina- 
tion of the conditions of practice surrounding each group will explain, 
in a great measure, the reasons for such a wide variation of results. 

It seems quite evident that vigorous practice calls for the exercise in 
a large degree of volitional effort. Light practice does not call for 
such exercise. It would seem quite as probable, too, that practice with 
a cylindrical stick could not cultivate a nice coordination of mind and 
muscle that would be efficacious in a test with the dynamometer. That 
is, the learning of the ** knack " for one instrument will not help us out 
much in the use of another. So we are led to conclude from an ex- 
amination of the striking results of Table X. that the variation of these 
results is due chiefly to the development in different proportions of two 
important factors of practice, both of which factors are very necessary 
and very evident in tests of this kind. These factors are : (i) voiifional 
power or 7uill power ; in connection with this factor attention may be 
named: (2) coordination ; or in terms of common speech, ^^ knack,''' 

1. Volition. — The dynamometric pressure is emphatically a test of 
will power ; a test of the subject's ability to send down to the hand and 
forearm at an instant of time an immense impulse for muscular contrac- 
tion. The muscles involved can probably make use of all the stimulus 
that can possibly be sent down to them.' Will power and attention — 
for our purpose the terms may be considered as equivalent * — are factors 
that may be easily and quickly developed by practice. 

2. Co'jrdinative ability or knack. — The second factor is apparently of 
nearly as much importance in producing gains by practice. By knack 
we mean the proper coordination of mind and muscle in the performance 



^M<>s>.<>, Uchcr did Gesteze drr Krm'uduui^^ Arch. f. Anat. u. Physiol., Physiol. 
Ahth., 1.S90, 89. 

2JAMR.S, Psycholo^^y, II 568, New York 1890. 
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of a muscular act, the ability to properly adjust one's muscles to the test 
at hand. It was noticed that the subjects gained much more, with the 
hand practiced, during the first part of the test than during the last part. 
This was as true of those who practiced lightly as of those who practiced 
vigorously. Both of these factors, then, were developed early in the test. 
This ability to properly govern the muscles involved is learned the more 
quickly, the brighter and more apt the subject is. 

3. While we do not eliminate the storing of potential energy in the 
motor nerve cells, from among the factors affecting transference, yet it 
seems that in a test like this one it is of somewhat minor importance. 
The test is not one of endurance, but of strength. It is admitted though 
that the experiments carried out here have hardly been complete enough 
to determine this point. It may be, in fact it is quite probable that it 
is so, that the development of volitional power and of potential energy 
go along together and that it is quite impossible to separate and distin- 
guish them by an experiment like the above. To determine this point 
further experiment is necessary, differing from ours both in method 
and kind. 

Much less could the transference be caused by the growth of muscular 
tissue, the storing of potential energy in the unused arm. The method 
of practice was such that muscular tissue could hardly be developed, cer- 
tainly to no extent appreciable by any means of measurement at hand at 
present. Only ten pressures of the dynamometer were allowed daily, 
requiring less than one-half a minute for the whole process, hence the 
probability of any development of muscular tissue was reduced to the 
minimum. Even in the dumb-bell test,^ which was an excellent one for 
the development of muscular tissue, the girth gains for the left arm 
were small and the tissue developed did not prove efficacious for lifting 
the weight. 

It seems then that there are in this test two factors the development ot 
which are chiefly instrumental in causing a gain in the hand practiced 
— volitional power and coordinative ability. These are both of them 
factors that one would judge might, when developed, affect the unprac- 
ticed side as much as the side practiced. An examination of Table X. 
will show when each factor is preeminently present. 

In Group A, learning the knack of gripping the stick would be of no 
advantage to the subject because the tests for a record were made with 
an entirely differently shaped instrument. There could be no gain made 
in the ability to coordinate mind and muscle in the accomplishment of 
this special test. But there had been an exercise of effort. Every day 

' Davis, Resear^hts in cross-education^ Stud. Yale Psych. Lab., 1898 VI 23. 
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the will had been exerted to its utmost for ten successive pressures. The 
gain made by this group must be attributed to the development of voli- 
tional power. This gain was shared in by the left hand, unpracticed, 
the amount in its favor being due to the effects of ^tigue on the right 
hand after three weeks of practice. 

It is apparent that both factors were present in Group B. The gain 
of the left hand, unpracticed, was 13.2 lbs., 69% greater than its gain 
in Group A. Theoretically this 69% may represent the influence of 
coordination in causing a gain of strength, compared with 100% as 
representing the gain due to the development of volition. 

The subjects of Group IV. made practically no development with 
either hand. There was a slight gain with the right and a loss with the 
left. This was true of the women too, though the left did gain slightly 
at the second final test. The method of practice seems altogether 
unfavorable to the development, in any effective sense, of either volition 
or coordination. It is probable that volition is developed in a limited 
degree but that the gain due to this development is counteracted by 
what may be termed a loss of coordination. The subject having 
become accustomed to the shape of one instrument has learned to 
use certain muscles after a certain order or fashion. At the final test, 
using a differently shaped instrument but with the same object in view, 
the tendency may be to use the same muscles in the same series or 
order as in the practice with the stick. The result is a lack of such 
coordination as will be effective for a good test with the dynamometer. 
One set of muscles obeying a mistaken impulse behind it, gets in the way 
of the set that should respond. The loss of effectiveness in one factor 
counteracts the gain in the other. 

For the same reasons there would not be a great development of vo- 
lition in Group II. Coordination was probably responsible for the 
greater part of the gain. The gain is not so large as that of Group B, 
where both factors work at their best and in harmony with each other. 

The results and observations seem to point to the conclusion that prac- 
tice with the dynamometer develops two factors chiefly — volition and 
c 00 rdi nation. The development of these factors cause a gain in strength 
of each hand whether practiced or unpracticed. Both factors are among 
the faculties that we call mental. 

It is not asserted that other factors may not run parallel with these. 
In fact it seems probable that the storing up of energy in the motor cells 
of the brain is a necessary concomitant with the development of volitional 
power. This is indicated by the results that were apparent all through 
the experiments, which are plainly due to fatigue. The most probable 
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explanation of such fatigue is the loss of stored energy in the brain cells. 
In tests of endurance it might be possible to separate the two factors 
which seem to be parallel in the tests involved in our experiments. 

There are, moreover, certain considerations which seem to indicate 
the presence of another factor, one that is probably present under what- 
ever conditions the practice is carried on. I have called this factor the 
physiological factor, or cross- influence. 

In the tapping experiments * it seemed to me highly improbable that a 
strong will was of any aid to the subject. In fact, the men seemed to 
tap more rapidly the less attention they paid to the movement. As sev- 
eral expressed the fact, they only needed to '* set the machinery going 
and it went itself.*' 

Observations were made, too, on F. who practiced with the right foot 
only.' F. was a strong healthy man, a trained and skilled gymnast. 
During 2 ^^ weeks of practice he was not able to make any marked gain. 
He himself said : * * If I try to hurry too much my foot stops almost alto- 
gether.** His heavy gymnastic work, in which strong effort is necessary, 
had so developed his ability to send down to large muscles, immense 
stimuli for action, that for a test involving small muscles he could not 
become expert. 

To discover if these observations would be supported by actual experi- 
mental results, I arranged the apparatus so that the subjects might tap 
with both hands and both feet, though the tapping of but one member was 
recorded. A sufficient number of records were taken to merit the con- 
clusion that, after a few days of practice, enough to take away the awk- 
wardness due to thinking of so many members, the right hand could tap 
even more rapidly when tapping together with the other members than 
when tapping alone. It is probable that when the attention was paid 
entirely to one member's tapping, the motor impulse was too concen- 
trated for the small muscles ; or else the large impulses, overflowing into 
other muscles, caused contractions that hindered the free movement of 
the muscles concerned in the movement. This surcharging of the small 
muscles was relieved when the attention, and so the impulse, was directed 
to more than one place. 

These observations and results lead us to conclude that the tapping 
test is not one of will power as the term is commonly understood. 
Strong effort and attention are hindrances to rapid tapping. 

Neither is tapping a test in which rapidity is specially dependent on 
the learning of any knack. The test is a very simple one, involving 

* Davis, Researches in cross-education^ Stud. Yale Psych. Lab., 1898 VI 44. 
« Davis, as before, 12, 13. 



82 IVaiter IV. Davis, 

only a slight movement of the member tapping, so that no complex co- 
ordination of mind and muscle is necessary. The movement is at least 
semi-automatic and the test is one of simple motor ability. 

If, then, the gain in the rapidity of tapping is not due to either the 
development of volition or of coordination what must the factor be that 
causes the gain and its transference to the unpracticed members ? A lit- 
tle light is obtained from an observation of the test records and prac- 
tice conditions of an individual subject. The results of this subject's 
practice were not exhibited in the general table for reasons which will 
now be understood. 

Among the men tested at the beginning of the experiment was one, S., 

Tablk XI. 

An indhndual record. (Subj. S., No. 15.) 

Initial. First Final. Gain. 

Subj. R. L. R. L. R. L. 

15 33.Vkg- 18X kg. 58>^ kg. 39,Vkg. 73-3% "S-o?!^ 

whose grip was far below the average for men. The left hand recorded 
only 18^4^ kg., right 33^ kg.; whereas the average for the men of this 
experiment was 461,^ kg. for left hand and 50 kg. for right. That is, 
his left hand recorded 39. 5 '/{^^j his right 67.1% of the average grip 
of the twenty-five men subjects. There was moreover no apparent rea- 
son for such a low record. S. is a strong rugged man 19 years old and 
seemingly should have made an excellent record. However, some close 
(juestioning brought out a few interesting and important facts. 

Two years before the test the metacarpal bone of S.'s left thumb 
had been broken. About the same time in a second accident the fourth 
finger of his left hand had been so cut that the long extensor tendon had 
been separated from its attachment on the distal phalanx, leaving the 
flexor tendon unopi)osed. A thorough examination by a physician 
strengthened the idea I had already formed that the hand had not prop- 
erly healed after the accidents. So it is very easy to explain the weak- 
ened grip for the left hand. Why the grip of the right hand should 
also be weakened is not so easily explained. 

As with the other subjects the practice of S. was continued for three 
weeks. Having been placed in Group I. his practice was vigorous, right- 
handed, with the dynamometer. At the final test, records of both hands 
were taken. Table XI. shows the remarkable gains that were made. 
The right hand gained 73.3% ; the left, 115.0%. At this time the 
right hand was stronger by 17 % than the average right-hand grip for the 
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subjects experimented with. The left increased from 39.5% to 86.59?? 
of the average. At the second final test the left recorded 90.8% of the 
average grip. 

It would seem rash to attribute this remarkable gain to the develop- 
ment of either volition or coordination. We are at a loss to explain it 
satisfactorily. Taken in connection with the conclusions reached about 
tapping it seems probable that there is an additional factor here, that, 
working in and through the other factors, is directly responsible for the 
transference of practice effects to the unused side of the body \ stated more 
definitely to those parts of the body that are symmetrical to the parts 
used or else closely related to them in function or position. To put the 
proposition baldly this factor is one whose development makes it possible 
for the other factors, volition and coordination, to become effective in 
stimulating to a greater degree and governing in a more effective man- 
ner, the muscles of the unused side. This development probably ac- 
companies physiological changes in the motor nerve centers in both 
halves of the brain. If the right hand is used, certain changes are 
wrought in the right side of the brain to accompany those caused directly 
on the left side. Whether this change is an actual laying down of po- 
tential energy in the motor nerve cells or only a clearing or enlarging of 
pathways of nervous impulse to the muscles involved, there is at pres- 
ent, of course, no means at hand of knowing definitely. The whole 
matter is in a measure conjectural. We only know that there is a close 
nervous connection between the two halves of the brain and that the 
physiological changes might very readily occur, and in the light of the 
facts noted it seems most probable that they do really occur. 

With the aid of this theory of transference, subject S.'s case may be 
partially explained. His failure to use his left hand after the accident 
and the failure of certain parts to properly heal had caused a partial 
atrophy of the motor center governing that hand. This mal-condition 
had been shared in by the right hand so that its strength of grip actually 
weakened, though in a degree not equal to the weakening of the 
left. Then, when the practice was begun with the right hand, the motor 
center governing that member quickly responded to practice, gained all 
it had lost through the accident, and this improved condition had been 
communicated to and shared in by the left hand's motor center. Or, if 
the changed condition in the nervous apparatus governing the right hand 
was simply a clearing up of old pathways that had been clogged as a 
result of the accident, this changed condition had, nevertheless, been 
shared in by the nervous apparatus governing the left hand. 

The path -clearing theory derives added importance from its considera- 
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tion in connection with Wissler's theory of the difTusion of the motor 
impulse. For if there is a diffusion of impulse to symmetrical muscles 
the traveling of the impulse to the muscles will wear the paths deeper 
and deeper and so make a clear way for the impulse when it is voluntarily 
sent this way at the final test. 

The fact that S.'s grip for the right hand had weakened by an accident 
directly affecting only the left raises the question whether the reverse of 
cross-education is true; whether a mal -condition of the governing ap- 
paratus for the one side is generally transferred to the other side of the 
brain, and so causes a weakening of the other side of the body. Speak- 
ing theoretically it seems reasonable to suppose such to be the case. It 
would be interesting in this connection to study pathological cases where, 
for any reason, one member has fallen into disuse, to determine whether 
the symmetrical member has been weakened. The difficulty would be to 
find cases that had not used the well arm more in consequence of the 
other's loss of power. Such conditions would of course nullify any 
results secured. 

It must not be understood that any explanation of the causes of cross- 
education can be applied to all individuals or even absolutely to any in- 
dividual. Even provided that all the conditions of practice could be 
made precisely the same, no two individuals would give the same results 
in development. 

Again, any results of practice are modified by the kind of test that is 
made. Tests of endurance differ very materially from tests of strength. 
The development of the factors of practice may be required in entirely 
different proportions in the two kinds of tests. The summary we present 
here holds only for tests of strength and, even more specifically, only 
for practice with the dynamometer. 

The centra/ effects of practice are emphasized as most prominent in this 
investigation. It is (juite probable that the peripheral effects are more 
necessary of development in tests of endurance than in tests of strength. 
In the same test we believe it quite possible that the central and periph- 
eral effects may vary in different individuals. 

This investigation gives prominence to the following factors of cross- 
education. 

(//) Volition or will p:nu:r, — When developed for one act it is 
efficacious for similar acts done by symmetrical or closely related 
muscles ; in a lesser degree it is possibly developed for all acts. 

(/^) Neuro-muscuhir co^u-Jinition or ^^ knack. ^'' — When developed for 
one set of muscles it is transferred across to the symmetrical set on the 
other side of the body. 
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(r) Potential energy must be stored in the motor nerve cells in increased 
amount if a gain in strength is make. To be effective for the unpracticed 
side there must probably be a storing of energy in the cells governing 
this side. 

(</) Cross influence. We simply emphasize what has been said under 
(^) and (^). The development of coordination and the storing of 
energy is of no use to the unpracticed muscles unless it takes place, in a 
measure, in that half of the brain governing those particular muscles. 
So, too, the clearing up of nervous pathways on the unpracticed side is 
of probable importance. This cross influence is theoretically possible 
owing to the close nervous connection between the two halves of the 
brain. The facts secured from this and other similar investigations point 
to this direct cross influence of one side of the brain on the other. 

(<f) If there is a peripheral transference of practice effects that is really 
effective for strength, skill or endurance it can be explained theoretically 
on the grounds of Wissler and Richardson's diffusion of the motor 
impulse.* That there is such an effective transference remains to be 
proven.* 

II. Influence of temperament on practice effects. 

The tables arranged in this section and the conclusions drawn from 
them grew out of an observation made concerning the development of 
two subjects, Nos. 22 and 32, the results of whose practice were averaged 
with those of the rest of the subjects in Section I. A comparison of 
these results showed such a wide difference among them that the condi- 
tions of practice were at once examined to determine a cause for such 
difference. The subjects were brother and sister, which fact would of 
itself incline one to classify them similarly in respect to temperament. 
Appearances would indicate that they are of the same general type. 
Both are small of stature, quick and active in movement. They were 

Table XII. 
A comparison of individual results . (Subjects 22 and 32.) 

Subject Method of practice. Gain, first final. 

22 Light, with the dynamom. 9.39 % 

32 Vigorous, with the dynamom. — 3.06 % 

classed as nervous. Table XII. compares the conditions and results of 
their practice. The methods of practice differed in that No. 22 exercised 

'Wissler and Richardson, Diffusion of the motor impulse. Psych. Rev., 1900 
VII 29. 

•Davis, Researches in cross-education^ Stud. Vale Psych. Lab., 1898 VI 23. 
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lightly while No. 32 exercised vigorously. The percentage of gain of 
Subject 22 was rather large, 9.39 % at the first final, compared with 
the loss of 3.06 % of Subject 32. Since the other conditions of practice 
were practically the same for both subjects, it seemed rational to attribute 
the difference in their development as due to the difference in the seve- 
rity of the practice. Looking further among the subjects it became evi- 
dent that the great variation of the results of practice was caused chiefly 
by the various combinations of temperament with severity of practice. 
Persons of one type of temperament seemed to demand a certain degree of 
exertion in their exercise in order that they might make good gains in 
development. It will be our purpose in this section to investigate the 
influence of temperament on the effects of practice, and the influence of 
the severity of the practice on development in persons of certain tyi>es of 
temperament ; also, to determine if the tyjje of temi>erament has any in- 
fluence on the fact or amount of transference of practice eflfects to the 
unused side of the body. 

An incomplete discussion of the classification of temperaments was 
given above, p. 69. A few considerations that are of a secondary 
nature are also of importance in the determination of the type of tem- 
perament. The following scheme presents a rather complete view of 
those considerations that were of either primary or secondary importance 
in our classifications. 



Considerations in the determination of a classification of temperaments. 
Primary. Secondary. 



T>-pc. 
Nervous. 

Mi>tor. 



Muscular Muscular Mental 

reaction. reaction. reaction. Height Weight 



r Weak. 
Quick -\ Medium. Quick. 
( Strong. 

I Weak. 
Average \ Medii 
( Strong. 

f Weak. 
Slow ^ Medium. Slow. 
( Strong. 



Short. 



Tall. 



Light. 



dium. Medium. Medium. Medium. 



Heavy. 



It is not contended that this scheme is absolute. It is not complete 
or comprehensive. In the determination of any individual's tempera- 
ment other considerations may enter. Moreover a particular individual 
uiav have onlv a few of the secondarv characteristics attributed to his 
type. .V nervous i>erson may be tall or heavy. He might even be slow 
to i;rasp mental ideas. It is only asserted that all these characteristics 
were noted and that the subjects when classed as either nervous, 
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Table XIII. 






■ 




Influence of temperament. 










Men. 


Gain. 




Subject. 


Group. 


Temperament. 


1st final. 


2d final. 


I 


I 


nervous. 


0.48% 


2.88^ 


2 


II 


phlegmatic. 


12.22 


13.33 


3 


III 


phlegmatic. 


8.41 


10.28 


5 


V 


motor. 




7.75 


6 


I 


phlegmatic. 


26.48 




7 


II 


nervous. 


12.05 


15.06 


lYt 


III 


phlegmatic. 


10.20 


4.90 


8 


IV 


mot. phleg. 


2.47 




9 


V 


phlegmatic. 


11.00 


7.15 


10 


I 


motor. 


367 


2.29 


II 


II 


phlegmatic. 


12.30 


10.53 


12 


III 


nervous. 


3.45 


5.52 


13 


IV 


phlegmatic. 


11.60 




14 


V 


nervous. 


II. 12 


3.06 


16 


II 


phlegmatic. 


— 0.47 


1.89 


17 


III 


phlegmatic. 


— 2.08 


3.12 


18 


IV 


nervous. 


— 7.86 


— 7.86 


19 


V 


motor. 


— 3- 20 




20 


I 


phlegmatic. 


20.18 


25.92 


22 


III 


nervous. 


9.39 




23 


V 


motor. 


6.22 


7.88 


24 


II 


motor. 


17.39 


18.63 


25 


IV 


nervous. 


— 2.22 


0.98 


Avenge 


> 




6.94 


7.40 


Average 


of 1st and 2d finals, 




7.17 



Subject. 


Group. 


26 


I 


27 


II 


28 


III 


29 


IV 


30 


V 


31 


I 


32 


I 


33 


III 


34 


IV 


35 


V 


36 


I 


37 


II 


38 


III 



Women. 

Gain. 

Temperament. 1st final. 2d final. 

nerv. mot. 12.50^6 7.^9% 

phlegmatic. 13.06 

mot. nerv. 6.31 10.52 

phleg. mot. —0.69 — 0.69 

phleg. — moderate. 4.20 6.81 

phlegmatic. 9.00 12.82 

nervous. — 3.06 3.82 

phleg.— moderate. 21.20 6.89 

nerv. mot. 7-50 11.66 

nerv. mot. —1.66 998 

mot. phleg. ".42 'O.oo 

nervous. 20.00 1888 

motor. 2.63 12.28 
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39 IV 


phlegmatic. 


— 5.3X 


— 2.65 


40 V 


mot. nerv. 


10.15 


26.81 


41 I 


nervous. 


5.21 


— 1.04 


42 II 


mot. phleg. 


0.78 


9.37 


43 in 


motor. 


XO.68 


25.38 


44 IV 


nerv. mot. 


9.82 


12.50 


45 V 


motor. 


15.70 


14. 21 


47 V 


motor. 


2.78 


0.24 


48 II 


mot. nerv. 


i.6x 


4.«3 


49 III 


nervous. 


5.21 


6.25 


50 IV 


phlegmatic. 


3-20 

6.05 





Average, 


10.74 


Average of 1st and 2d finals, 




8.39 



motor or phlegmatic would more often than otherwise possess those 
secondary characteristics attributed to his type. It is quite probable too, 
that although the classification was based, primarily on the celerity of 
movement exhibited by the subject yet it might easily have been affected 
by the influence, either conscious or unconscious, of the secondary con- 
siderations. 

The results of the experiments of the preceding section were studied 
in reference to temperament. It only needs to be explained how the in- 
dividual determination of temperament was made. This was done by the 
directors of the two gymnasiums. This gave due prominence to the 
consideration of muscular reaction. It is believed, too, that teachers of 
gymnastics have a most excellent opportunity to become thoroughly 
acciuainted with a student's characteristics. The determination of the 
sul)jects' temperaments was made /before, not after, the beginning of the 
experiment. 

Table XIII. presents the subjects, the group in which each practiced, 
the type of temperament under which each was classed and the percent- 
age of gain in development each made. The gains shown in the table 
are those made by the hand practiced. In Group V. an average was 
made of the gains made by the two hands, since both were practiced. 

The table shows that the men gained 6.945^ at the first final, 7.40% 
at the second final. The women gained 6.05% at the first and 10.74% 
at the second. By averaging the gains of the two final tests it is found 
that the men gained 7.17%, the women, 8.39%. The average de- 
velopment for men and women was 7.78%. 

We notice a very great individual variation among the subjects. The 
largest gain was made by No. 40, who gained 26.81%. This subject is 
of a nervous-motor temperament and practiced both hands lightly. 
Among the men, two subjects, 6 and 20, gained more than 20% ; both 
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of these are of phlegmatic temperament and practiced vigorously. 
Among the women, No. 43 gained 25.38^. Her temperament is motor, 
practice light. 

The men gave six minus results out of a total of 40 ; the women 
gave 7 minus results out of a total of 46. If all those minus results 
secured from practice with the cylindrical stick are cast out, then 
all the others, with but two exceptions, one for men and one for 
women, were the results of two methods of practice ; {a) phlegmatic 
subjects practicing lightly and (^) nervous subjects practicing vigor- 
ously. The two exceptions were No. 19, motor, and No. 35, nervous 
motor, both practicing lightly with both hands. So that if we consider, 
outside of Group IV., only those subjects who were classed as strictly 
nervous or phlegmatic, then losses were recorded only for those phlegmatic 
subjects who practiced lightly and those nervous subjects who practiced 
vigorously. 

As in Table VII., this new arrangement of results (Table XIII.) shows 
the effect of fatigue, that decreases in the p)eriod of time between the two 
tests. The fact is more marked among the women than among the men. 



Table XIV. 



To show conditions favorable to gain in strength . 



I. Men, 



Gain. 



Subject. 


Xjroup. Practice. 


Temperament. 


First final. 


Second final 


6 


I vigorous. 


phlegmatic. 


26.48 % 




7 


II light. 


nervous. 


12.05 


15.06 0/, 


12 


Ill light. 


nervous. 


3.45 


5.52 


20 


I vigorous. 


phlegmatic. 


20.10 


25.92 


22 


Ill light. 


nervous. 


.?:39 






Average, 




14.29 


15.50 




Average for both 


finals, 
//. IVomen. 




14.89 
Gain. 


Subject. 


Group. Practice. 


Temperament. 


First final. 


Second final 


31 


I vigorous. 


phlegmatic. 


9.00 % 


12.82% 


37 


II light. 


nervous. 


20.00 


18.88 


49 


Ill light. 


nervous. 


5.21 


6.25 




Average, 




11.40 


12.65 




Average for both finals. 




12.02 




Average for men 


and women, 




13-45 
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Table XIV. was arranged to show the results of training when there 
was a combination of con^\\\ow^ favorable to the development of strength. 
Only the records of nervous and phlegmatic subjects are shown ; more- 
over the nervous subjects must have practiced lightly and the phlegmatic 

ones vigorously.* 

The results prove very conclusively that the conditions here present 

were favorable to the development of strength. There were no minus 
results obtained ; the gains were all fairly large and the averages well 
above the general averages in Table XIII. The gain per cent, for men 
was 14.89 %, more than twice as much as the general average. The 
ratio in the case of the women is i : 1.4. The ratio for men and women 
between the average gain and the gain made under favorable conditions, 
as shown in Table XIV. is i : 1.7. 

The results of training will now be noted when there was a combina- 
tion of conditions unfavorable to the development of strength. Here 
are included only those results secured from nervous persons exercising 
vigorously and phlegmatic persons exercising lightly. Table XV. shows 
the individual results and the averages.^ Among a total of ten records 

Table XV. 

To show conJiiions unfavorabU to tht development of strengths 

Men, 

Gain. 



Subject. 

1 
16 

17 


Group. Practice. 
I vigorous. 
11 light. 
Ill light. 

Average, 


Temperament, 
nervous, 
phlegmatic, 
phlegmatic. 


1st final. 

0.48% 
-0.47 
2.08 


2d final. 
2.88% 
1.89 
3.12 




— 0.69 


2.66 




Average for both finals. 




0.98 


Subject. 


(.innip. IVactice. 


W'cmen. 
Temperament. 


1st final. 


Gain. 

2d final. 


,>^ 


\ vigort>us. 


nervous. 


-3.06% 


3.82% 


41 


1 vigorous. 


nervous. 


5.21 


—1.04 




.Vverage, 




1.07 


>-39 




Averajie tor U>th finals. 




»-23 




AvorAijc lor men and 


women. 




I.IO 



tlicro woro four minus results. The greatest gain is 5.21 9t which is less 
t ban ibe iicnoral a\ erago ^^ Table XI 1 1 . "^ . Moreover Table XIV. shows only 
one gain |H."r cent, that is less than the greatest gain per cent, found in 
laMo XV. 



r':'.\>.v\i".> ::.v.:;vV. r.^cn .mvi v^omer. wore c\c'.ude\i from Tables XIV. and XV. for 
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The average gain under unfavorable conditions for men and women is 
1.10%. The ratio of this gain to the general average gain for men and 
women (Table XIII.) is 1:7 ; and to the average gain under favorable 
conditions (Table XIV.) is 1:12. That is, there is a probability that 
there will be twelve times as much development in a nervous person ex- 
ercised lightly, than if he exercised vigorously. The reverse may be said 
of the plegmatic subject. 

It was noted that if subjects of the motor or phlegmatic type had had 
considerabte previous physical training they required light exercise to se- 
cure large gains in development of strength. It seemed as if physical 
training had modified their temperament in so far at least as the time of 
their reaction to the specific stimulus of exercise was concerned. Table 
XVI. presents the fact very clearly. In arranging the tables only motor 
and phlegmatic types were included and only those subjects that had had 
a somewhat extensive physical training previous to the beginning of the 
experiment. Another necessary requirement was light practice during 
the experiment. 

Table XVI. 
To show the effect of previous phy ileal training on temperament. 

I. Mtn. 

Gain. 











Previous 






Subject. 


Group. 


Practice. 


Temperament. 


training. 


1st final. 


2d final. 


3 


Ill 


light. 


phlegmatic. 


track. 


8.41% 


10. 28 % 


5 


V 




phleg. -mot. 


<< 




7.75 


VA 


III 


i( 


phlegmatic. 


<f 


10.20 


4.90 


9 


V 




n 


general. 


11.00 


7.15 


II 


II 




t< 


<< 


12.30 


10.53 


23 


V 




motor. 


<f 


6.06 


7.03 


24 


II 


Average, 


t< 


track. 


17.39 
10.89 


18.63 
_9.75 






Average for both finals. 






10.32 








//. Women, 


















Gain. 










Previous 






Subject. 


Group. 


Practice. 


Temperament. 


training. 


J St final. 


2d final 


27 


II 


light 


phlegmatic. 


4yrs. 




39.06% 


43 


III 


<( 


motor. 


4yrs. 


10.68% 


25.38 


45 


V 


(< 


<t 


3y«. 


15.75 


14.21 


47 


V 


(< 


<( 


7yrs. 


2.88 


0.37 



Average, 9.77 '9-7^ 

Average for both finals, 14.76 

Average for men and women, 12.54 
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I'he final averages are considerably above the general averages (Table 
XIII.); 12.54% as compared with 7.76%. The gains made by the sub- 
jects of Table XVI. become significant when compared with the gain of 
subjects working under unfavorable conditions (Table XV.), 12.54% 
to 1.10%. The fact is illustrated again in Table XVII. 

Table XVII. 

Efffct of previous training on temperament, 

Gmin. 

Previous 



Temperament. Practice. training. ist final. 2d final. Avera^. 

a phlegmatic. light. considerable. 10.48% 14-36% 12.42% 

6 phlegmatic. light. none. — 1.27 2.50 0.61 

In arranging this table only phlegmatic subjects were included and the 
])ractice was, in all cases, light. But the subjects in line a. had had consid- 
erable previous physical training ; those in line b. had had none. The 
ratio between the average results, 12.42 and 0.61 is 20:1. That is, those 
phlegmatic subjects who were physically trained men and women made 
20 times as great a development of strength as those who were not so 
trained, both classes practicing lightly. It is evident, therefore, why 
those phlegmatic subjects who were trained men and women physically 
were excluded from Tables XIV. and XV. 

What has just been said about the effect of previous training is probably 
only a specific effect. This effect is analogous to that produced on the 
nouro-nuiscular system as the result of training in quickness of simple re- 
action. A decrease in simple reaction time results only when all those 
physiological elements which are concerned in converting a stimulus into 
muscular movement learn to respond more quickly to that stimulus. So 
exercise must he considered a stimulus to development since it accelerates 
the activity of those organs whose activity is necessary to the building up of 
muscular and nervous tissue. If a phlegmatic subject -has had a motor 
training his physical system has gained the power or habit of reacting 
more viuickly to the stimulation of light exercise and rapid growth fol- 
lows more rapidly than could otherwise have happened. 

lable XVI II. wasarrangevi for the purjKJse of a summary and comparison 
of the facts brought out in this section. A embraces all subjects of whatever 
tcmjH^rament or whatever their method of practice. The gains per cent, 
arx* general averages, H includes all the nervous subjects who practiced 
I'.ghtly, or the jhlegmatic ont*s ^except those affected by previous training) 
whv^ practiced vigoK^usIy. Such conditions arc fevorable to develop- 
mer.i and a large ixrcentage of gain was recorded for this class. In C the 
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subjects practiced under unfavorable conditions, just the reverse of B, and 
the percentage of gain was small. In D are those motor and phlegmatic 
subjects who had had considerable previous physical training, and who, 
by virtue of this, made large gains in strength by light practice. 

Table XVIII. 
Comparison of the effect 0/ different conditions on the results 0/ practice. 

Men and fVomen. 

Gain. 

Subjects. Conditions. Temperament. Practice. Men. Women. Average. 
A. all all all 7.17^ 8.39% 7.78% 

g f Favorable to /Nervous Light) i^ go 1202 ix ±^ 

\ gain. (Phlegmatic Vigorous/ ^' " ' ^'^^ 

P r Unfavorable to ( Nervous Vigorous) o 

\ gain. \ Phlegmatic Light/ *^ ' ^ 

^ f Effect of previ- f Phlegmauc Light) . 

^' \ ous training, t Motor Light/ '° ^^ ^^''^ "'^^ 

A fact worthy of relation was noted in the case of No. 47 ; inasmuch 
as the result of her practice seemed to be an exception to the general 
principles discovered. No. 47 was classed as of motor temperament and 
practiced lightly with both hands. Moreover, she has had seven years 
of gymnastic training. Judging from the principles enumerated condi- 
tions seemed favorable to the development of strength. But the gain 
was slight (see Table XIX.). 

To determine whether development could be secured by a different 
method of practice, two months after the completion of her final test 
exercise with the dynamometer was again begun. At this second period 
of practice, work was made much heavier, since we had concluded that a 
mistake had been made in classifying the subject at the first test. Work 
was now made suitable for the development of a phlegmatic rather than 
a motor person. The results of this practice were strikingly different 

Table XIX. 
Effect of different methods of practice on one individuaP s results. 

Gain. 



<." 



Subject. Temperament. Practice. 1st final. 2d final. Average. 

47 ? Light. 2.78% 0.24% 1-5' % 

47 ? Vigorous. 12.04 ^-^5 9-42 

from the first ones. The results of both methods of practice are shown 
in Table XIX. The vigorous practice effected much the greater de- 
velopment. This substantiated our second classification of the subject as 
phlegmatic. 



94 IVaiter IF, Davis, 

The subject's phlegmatic tendency is shown, too, when a comparison is 
made of the gains at the first and second finals. She did much better at 
the first final than at the second whether the practice was light or 
vigorous. That is, there was no visible effect of £itigiie present in 
either case. This indicates a large reserve of potential energy which is 
a characteristic of the phlegmatic type of temperament. There is un- 
doubtedly for every individual a method of practice that is best suited 
to his peculiar characteristics. This method differs in intensity or 
amount from that which is best suited to any other individual. That 
amount of exercise must be given that will be just sufficient to stimulate 
physiological processes of growth but always stops short of the fatigue 
point. 

There can be no precise division of individuals into classes. While 
we have classified all persons under one of the three types of tempera- 
ment yet it must not be supposed that these three types are separated 
from each other by distinct lines of demarkation : or that all persons be- 
long absolutely to one type. The types merge into one another ; a cer- 
tain individual may be on the border line between two types. It was 
in accordance with this idea of temperament that our classification was 
discussed as it was. The motor temperament is only an average be- 
tween the other two, simply a collection of the medium colors in the 
shading from the deepest phlegmatic to the faintest ner\-ous t)-pe. 

No attempt will be made at this time to explain completely those facts 
that we have demonstrated to be tr.:e in the nrst pages of this section. 
The field is a new one and too little work of an experimental nature has 
been done to merit any well -founded conclusions. We are warranted, 
however, in statin:^ hv^otheticallv those conclusions that seem to be 
s-.: lorted bv facts brou;:ht out bv our experiments. 

We have considered exercise as a stiniulus to growth. The repeatedly 
cDntncted muscle increases in si^e. So must any other part of the 
nc.ir J- muscular system be exercised to develop into its perfection of 
fun<. ::or.. By the use of any lart of the b>x:y more blood is drawn to 
:ha: : art : worn-out materhil accumulates and is more rapidly carried 
jL*\\iy : and new material is laid down faster th^m would othen»'ise happen. 
rhe metabolism is enforcevi. Now. if exercise is too light, the vital 
f .n:ti?n^ are not suT^ientlv stimulated to work the desired chanjje. If 
thr .v.Ti is too violent or too lon^ continued the tearing down more 
than c- -interacts the Vuildtii: ur : rocess and development of the parts 
usc'.: is im: ossible. If the work is 'ust ri^rht in intensitv and amount 
the ana",: 1 ism : rovoked is ^zreater than the katabolism and there is de- 
\ el .^•. me nt oi the * arts usevi. 
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A review of these facts makes plain what an almost endless variation 
of conditions would be necessary to make the adjustments of exercise 
suitable to all individuals. Exercise must be prescribed per order just as 
a dress must be fitted to the individual. 

All persons may be classed into the three types of temperament in refer- 
ence to the time of their muscular reaction to outside stimuli. Nervous 
persons are nervous in the sense of our consideration because they react 
quickly to the stimuli of their environment. To get equally quick reac- 
tions from the three types, the stimulus must be varied from very strong 
to very weak. So, considering exercise as a stimulus to the activity of 
the vital functions, it seems hardly necessary to state the further and es- 
sential analogy that while a little exercise is sufficient to bring about 
these changes in some persons, in others it requires a great deal. The 
nervous man's heart action will be accelerated to a very appreciable de- 
gree when he rises from a lying to a standing posture. An equal effect 
may be wrought on a phlegmatic person only after considerable work. 
The immediate effects of exercise may then be classed with all responses 
of the physical body to direct stimulation. 

Why some persons should voluntarily or involuntarily react more quickly 
than others to a given stimulus, probably depends on what we may term 
the balance of those factors making up the neuro-muscular system. The 
differing effects of fatigue visible in different persons either after a daily 
practice, or after a long practice period point to the importance of two 
or three factors, whose presence in varying amounts or intensity deter- 
mines the type of reaction or temperament. 

Other factors being equal the smaller muscle will react more quickly 
than the larger one, because it can be stimulated more easily by a motor 
impulse of definite intensity. On the other hand, the large muscle con- 
tains more reserve material, and for this reason and because this reserve is 
more slowly used up, the larger muscle is more enduring. 

We can apply the same principles to the motor cells of the brain. 
The larger they are and the more potential energy they contain the more 
slowly is this potential energy converted into the kinetic energy of the 
nervous impulse, and, by virtue of this very reason, the more enduring 
is their strength. 

The greater the volitional strength, the quicker and the more 
thoroughly can the motor impulse be generated from energy present in 
the brain cells. 

The nervous subjects seem then to be characterized by lack of much 
reserve energy either in muscle or nerve cell, but they are able to more 
thoroughly utilize the energy at hand. Phlegmatic subjects are slow be- 
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cause they have much reserve energy but cannot utilize it quickly. Jo 
the typical motor subject the several factors are evenly and nicely 
balanced. More precise and carefully-adjusted action should be expected 
of this type of persons. 

Too little experimental work has been done to merit any pronounced 
or well founded conclusions about the relations of temperament and 
training. Observation of the results of our own experiments in this di- 
rection seems to point to the truth of the following : 

(j) Nervous persons, in training for the development of strength, re- 
quire light practice. 

(/^) Phlegmatic persons require vigorous practice. 

(r) Motor persons are an average between these two. 

{d) Previous physical training works such a change in the phlegmatic 
person that thereafter he requires less vigorous work to secure large gains 
in development of strength. 

(i^) It is probably true that the phlegmatic type of temperament is 
characterized by the presence of much reserve energy of muscle and 
nerve cell. The nervous type has less reserve energy but a greater ability 
to use the energy at hand. 

It is not difficult to apply the principles stated above to practical 
physical training. They make necessary on the part of the trainer a 
personal knowledge, secured either by means of observation or experi- 
ment of the temperament of each man under his charge. The amount 
of work necessary in eac h case can than be apportioned with much greater 
oxartnoss. 

It sconis ijuite as certain that there may also be a direct application of 
tiioso prim iples in the realm of i)edagogy. Our experiments show that, 
in the dovolopment of strength, mental factors are more necessary than 
nuisi'ular factors. In fact our conclusions relate as much to one set as to 
tiio other. If we can apply the principles to the development of will 
power and i or^niination why not to memory, association, imagination 
and roasonini; as well. All have a physiological basis and in so far all 
are i^vnernod. in a given indi\iduaK by the same principles of growth. 

Thoro is at least a wiile t'leld here for inquiry and practical investiga- 
tion. Our prc^iont system of secondary and collegiate instruction requires 
an equal amount of work lVon\ all pupils. All must measure up to a com- 
nuM\ Ntandaui. There ran be no doubt that such a svstem results in much 
hain\ to man\ in^lix iduals. 

The icMilts ot* this M\ tion emphasi/e the importance of recognizing 
the :;ui:\ ivl-.ul ir. tb.o ira-.niui: of either i>hvsical or mental abilitv. 
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III. Experiments with the ergograph. 

The ergograph iised was similar in construction to Mosso's.' The 

weight raised was ij4 kilos. It was lifted by the middle finger, the 

first and third fingers being encased in stationary brass tubes lined with 

Kfell. This arrangement enforced a simple movement of the finger used. 

;cord was made on a recording druni in ihe usual way. 




The curves shown in Figs, r to 7 are records 01 the ability of Subject X. 

He was j6 years of age, well trained physically and of the motor tempera- 

^—ment. The initial record for the left hand is shown in Fig. 1, the total 

^bistance through which the weight was raised being 1341 "'" ; the inital 

record for the right hand is shown in Fig. i, the totaJ distance being 

■3"i"- 

'MoSio. UtbtT dit Gatttt drr ErmBdung, Arch, f, An»L o- Phjiiol., FhTuul. 
^tob., 1S90, 89. 
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These records were made on March r, 1899. Every day thereafter, j 
for three weeks, with only two exceptions, the left hand was practiced. ^ 
This practice consisted in completely TatiguiDg the hand once each da; 
by pulling at the ergograph. A record of each day's work was presened 




on smoked paper. On March ajd final records were secured for both 
hands. These records are shown in Figs. 3 and 4. The record for the 
left hand after three weeks of vigorous practice shows (Fig. 3) ft total 
distance of 1488 "^ the gain over the initial record for the left hand being 




11%. The record for the right hand .tfier three weeks o\ vigorous prac- 
tice of the left shows (Fig. 4) a total distance of 149) ■", the gain over 
the initial record for the right hand being 13^. 



Rtsearthes in t 

The results secured from this practice were not satisfactory. It seemed 
that larger gains in development of strength should have been secured. 
Therefore on April i, after a rest of one week, practice was again begun 
but was made light instead of fatiguing. This practice was continued 






(even weeks, the Ufl middle finger alone being exercised as before. 
■Then two final records were taken. These are shown in Figs. 5 and 6. 

The record of left hand (Fig. 5) five weeks after that in Fig. 3 shows 
■ total distance of 1757"°". the gain over that shown in Fig. 3 being 




The record of right hand (Fig. 6) five weeks after thai in Fig. 4 shows 
la total distance of 1541"", the gain over that in Fig. 4 being ^fo. 

The percentages of gain both from the heavy and from the light prac- 
fticc are shown in Table XX. The short time of vigorcus practice 



loo Waiter IV, DaxnSy 

brought about results in development similar to the average results secured 
from the practice with the dynamometer. The effect of &tigue is seen 







Table 


XX. 








The devdopment 


secured from 


practice with the 


ergcgraph. 






Distance weight 
was lifted in mm. 


Distance after 
three weeks' vig- 
orous practice. 


J 


Distance after 
seven weeks* fur- 
ther practice. 
Practice light. 


Gain over first 
final. 


Left hand. 


1341 


1483 


II % 


1757 


i^% 


Right hand. 


1316 


1492 


13 * 


1 541 


3% 



in the greater gain of the right hand which was not practiced. 

A marked difference is seen between the results secured from the two 
periods of practice. The right hand made very little gain from the 
second period. It is not certain however that this difference resulted 
from the difference in the methods of practice. It is extremely probable, 
rather, that the subject had reached a point in his development when the 
effects of practice were not transferred in any marked degree to the 
unused side of the body. Let us examine the method of practice and 
results of this subject with this idea in view. 

In his daily practice his left hand was required to do nearly as much 
work as in the first practice but the work was done between interv'als of 
rest. For example on April 11, the left finger made 35 full contractions 
but made them in three periods with two short rests between the periods. 

The tlnal records of Subject X. shows that the left hand had gained 
18 ^'/( over its record made at the end of the first practice; the right, 
only 3 ''/ . This fact, if it is considered in connection with all the 
other facts noted in the previous sections, can l)e explained in only one 
way. The left hand, after over 8 weeks of light and heavy work, was 
at the end of that time getting all of the benefits of exercise. The right 
was getting none. This fact proves that the unused side does not al- 
ways get a share in the benefits of exercise. One side, by long con- 
tinued practice, may become over-developed while the strength of the 
symmetrical muscles on the other side mav even be diminished. It is 
possible that the failure of some of the subjects to make a gain in dyna- 
mometric strength may be explained in the s.mie way. This principle 
would be an interesting one to investigate thoroughly and completely. 
At present we can assert only hypothetically that long continued exer- 
cise of one member causes its development out of all proportion to that 
of the symmetrical member on the other side of the body. 
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The curves shown in Figs, 7 and 8 illustrate a fact noted in the 
orall of thesubjects : that the right and left hand curves of any individ 
ual are very similar in form. Subjei-t J. was left-handed. Both ciirvi 
exhibited the same general fonn of outline. Roth are rather irregular, 
growing more regular toward the last. In both, the first contracdoos 
are short, then there is an increase for several contractiotis and finally 
a gradual decrease. 

In the same connection should be examined the curves shown in 
Figs. 2 and 9. Both are records of Subject X. ; Fig. a, the right initial. 
Fig. 9, the third practiceof the Jefi hand. The outlines of the 
are almost precisely the same. These observations indicate the paramount 
importance of the central influences afTecling the strength of muscular 
contractions. 

Subject X. was able to completely exhaust his store of energy. Subject 
J. did not have this ability. The fact is shown in the abrupt endings of 
his curves. The curves in Fig. 7 and 8 end more gradually. Tem- 




perament and training both have an influence here. X. is motor in 
temperament and has had an excellent training in athletic sports. J. 
is phlegmatic and has had very little physical training. We have already 
said that a characteristic of the phlegmatic temperament was the lack of 
ability to command the use of the energy stared in imiscle and nerve 
cells. It is equally as certain that a training in athletics increases this abil- 
ity. J.'s curve for the left hand (Ftg. 7) was cut short for «-ant of 
space. With the contractions as short as the last ones the work might 
have been kept up almost indefinitely. Siill J. said that he was exerting 
his power of contraction to the utmost. He did not have the ability 
to tire himself out. An athlete of the motor temperament has this 3!o\- 
\\y par exttlUme. 



Researches in cross-education, 103 

There is a noticeable increase in the regularity of the fatigue curves of 
Subject X. from the beginning of the practice until the last record. 
Compare Figs, i and 5, both of the left hand. Curve 5, however, was 
taken after a long practice. The increase in regularity is marked. 
We may thus conclude that practice perfects muscular control. 

Our observations from the study of ergograph curves may be summed 
up as follows : 

(a) Long continued practice of one side of the body may develop that 
side in much greater degree than the unused side is developed. If con- 
tinued long enough such practice may even detract from the strength 
of the side not used. 

(^) The similarity of right and left hand curves proves and illustrates 
the paramount importance of the influence of the central nervous system 
on muscular contraction. 

(r) The long drawn out fatigue curve is caused by the inability of the 
subject to command the instant use of his nervous energy. Herein lie$ 
a chief difference between the phlegmatic and motor or nervous tem- 
peraments. It exhibits a difference too between physically trained and 
untrained men. 

ry) Practice improves regularity of muscular contractions. This im- 
provement is due, presumably, to better coordination of mind and 
muscle. 

IV. General Considerations. 

The meaning and scope of cross-education were stated in my first 
series of researches.* The conclusions drawn there will need modifi- 
cation in the light of recent investigation, although it may be said in 
general that their essential features are more firmly established than 
before. The main conclusions were : 

**(df) The effects of exercise may be transferred to a greater or lesser 
degree from the parts practiced to other parts of the body. This trans- 
ference is greatest to symmetrical and closely related parts. 

**(^) There is a close connection between different parts of the body 
through nervous means. This connection is closer between parts related 
in function or position. 

*'(^) Will power and attention are educated by physical training. 
When develo|>ed by any special act they are developed for all acts. ' ' 

It seems necessary in the consideration at hand to determine pre- 
cisely where fatigue first appears, whether in the central or peripheral 
organs. Most observers contend that fatigue, when it is considered as 
inability to do further work, is due essentially to losses in the central 

> Davis, Researches in cross-education. Stud. Yale Psych. Lab., 1889 VI x6. 
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nervous system. Hodge ^ has shown by experiment that the normal 
fatigue of the day is associated with loss of substances in the central 
ganglion cells. Waller ' asserts that the central part of the neuro-mus- 
cular mechanism tires first, and hence a protection is afTorded' to the 
muscles and end organs. The investigations of Lombard,' Mosso,* and 
Fechner^ all point in the same direction. The facts of cross-education 
are explained much more easily on such an hypothesis. 

In 1894, Koch* reaffirmed the statements of Mosso and Lombard, 
that, in general, central fatigue sets in earlier than muscular fatigue. 
He also states that, after fatigue, the ner\'ous matter regains its normal 
function more quickly than the muscles. He studied the effect on the 
ergographic cur\'e of drinking water and of the injection of cocaine and 
caffeine. He found that changes in the ergographic curve were caused 
much more readily by central than by peripheral factors. Neverthe- 
less several i>eculiarities in the caffeine curve, its gradual increase and in 
general the entire curve points perhaps to a direct effect on the muscle 
itself. 

JoTEVKO, ' by an investigation in which the ergograph and the 
dvnamometer are used alternatelv, has reached conclusions that bear 
Jirectiy on ** transference ** ; and also inJirectfy since they are an 
addition to our knowledge of the relations of central and peripheral 
fatigue. Her method of experiment was : (i) to secure records on -the 
dynamometer for both right and left hands ; (2) immediately thereafter, 
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to fatigue the right hand by exercise with the ergograph and then (3) 
finally to again secure records of dynamometric pressure for the right 
and left hands. She found that the work done by the right hand with the 
ergograph decreased the dynamometric pressure on the left hand. This 
decrease was about 20%. She concludes that the decrease in power in 
the unused hand was caused by the loss of energy in the cerebral centers. 
Under ordinary conditions however it was found that when the work 
was not pushed to the limit of endurance, peripheral fatigue api>eared 
first and apparently, therefore, prevented central fatigue. It was only 
when by an effort of the will the subjects prolonged the physical work 
in spite of the feeling of weariness in the muscles, that the motor 
excitation of the muscles increased the fatigue of the nerve cells rather 
than that of the muscles themselves. 

In connection with Joteyko's article it is necessary to distinguish be- 
tween the fact of fatigue and the feeling of fatigue. They have been 
considered as something entirely distinct and separate. Sensations of 
fatigue are very deceptive, and should be no criterion for the estimation 
of the fact of either mental or bodily fatigue. Fatigue * is defined as the 
decrease in the capacity for work ; fatigue in this sense may or may not 
liave definite relations to the peculiar sensation known as the " feeling 
of fatigue.'* This is probably true whether said of mental or of physical 
work. * * The Current ideas about the/tjr/ and Xht feeling of mental fatigue, 
and the relation between them, are naive abstractions based on a simple 
minded analogy, a failure to carefully analyze certain mental states, and 
a confusion in the case of experimental investigations between lack 
of desire and lack of ability to work.** There is always danger, too, of 
mistaking the location of fatigue. While it might seem that the condi- 
tions causing the feeling of fatigue from muscular work arise in the mus- 
cles themselves, yet it is probable that those very conditions are the result 
of changes taking place in the brain. 

Wood WORTH ' carried out some experiments with various forms of the 
graphic method, movements being made at any desired speed or in- 
terval. Some of his conclusions bear directly on ** transference.* 
''Practice of the left hand helped the right also. Before the series 
with the left hand began, and again after it was completed, a single ex- 
periment was made with the right hand. The right hand showed a de- 
cided improvement at the rate for which the left had improved but no 
appreciable improvement at the rates for which the left had not improved. 

* Scripture, The New Pschology, 247, London 1897. 

«Thorndike, Mental Fatigue, Psych. Rev., 1900 VII 482. 

'WooDWORTH, The accuracy of voluntary movement, Psych. Rev. (Monograph 

Supplements), 1899 III 105-106. 
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These results show (i) that the transferences of the effects of practice 
from one side of the body to the other — a transference which has been 
established in other investigations as taking place from the right side to 
the left — also takes place from the left side to the right ^ ; and (2) that 
it is not the mere practice that has this transferred effect but only suc- 
cessful practice. ' ' If at any particular speed the left did not gain then 
the right did not. ''When the left hand does gain the right shows 
the benefits in almost equal measure. ' ' 

The fact noticed by Woodworth that the effects of practice were trans- 
ferred only when such practice was successful, may probably be stated as 
a general truth. Individual cases however may show an increase in the 
ability of the unpracticed side even though the practiced side makes no 
gain whatever. ' ' This fact was especially marked in the case of Subject 
E. in the tapping test.' There was a loss in the right foot (practiced) of 
4% and a gain of 38^ in the left foot (not practiced). 

The experiments of Wissler and Richardson • show to how great an 
extent motor impulses to action may spread into muscles that are 
related to the one directly concerned with a certain movement. The 
subject's hand was put into a light clamping apparatus and tambours 
placed on the abductor indices, the forearm and the biceps, so that 
any contraction made by any one of the muscles could be recorded 
on the kymograph. The object was to determine whether as a result 
of the primary contractions of the abductor indices, there was any 
secondary contractions of the muscles of the arm. It was found that 
there was such a secondary contraction, showing that there was an over 
flow or diffusion of the motor impulse into adjacent muscles. 

It was found also that by the training of the left biceps in strength, 
definite gains in strength were made by the left abductor, right abductor, 
left forearm, etc. ** It seems certain that the exercise of any muscle re- 
acts upon all related muscles, which is to say that diffusion takes place in 
both inward and outward directions.'* * 

The following hypotheses are then put forward : 

(tf ) That the exercise of an accessory muscle has a greater reactionary 
effect upon the adjacent fundamental muscles than upon the more remote. 



' This fact was proven, independently of Woodworth 's work, by an investigation 
with the ergograph which I carried on during March and April, 1899. The results 
were not published then but appear in this paper now for the first time. (See Section 
III, p. 97 and also p. 100.) 

■Davis, Researches in cross-eductiotij Stud. Yale Psych. Lab., 1889 VI 11. 

* Wissler and Richardson, Diffusion of the motor impulse, PSych. Rev., 1900 
VII 29. 

< Same, p. 3$ 
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(^) That an accessory muscle of one arm gains as much from the train- 
ing of the corresponding muscle of the opposite side as from the training 
of the fundamental muscle of the same side. In terms of motor dis- 
charge this indicates that these centers occupy the same diffusion level. 

(r) That the reactionary or secondary gain of the fundamental muscles 
from the exercise of the accessory arm muscles is less than when the con- 
ditions are reversed — /. e.y the fundamental muscles practiced and the 
accessory muscles reacted upon. This is in harmony with the accepted 
order of motor development. 

The theory of the spreading of impulses so clearly proven by Wissler 
and Richardson had been stated before by Exner* and Urbant- 
SCHITSCH.* Damsch ' explained this diffusion as due to the close con- 
nection of all motor centers. Fibers from all motor centers come to- 
gether and are intimately connected in a central ganglion of the brain. 
The diffusion of an impulse is hindered by an inhibiting apparatus which 
prevents it from going the wrong way. "This apparatus is much im- 
proved by practice. In the young and in certain nervously disordered 
persons it is deficient. ' * 

" It was noticed in the tapping experiment that there was a tendency 
for the subject's left foot to make movements to accompany those made 
by the right. In learning an act that involves fine coordination 
it is very obvious that the pupil executes many movements that are en- 
tirely unnecessary. ' * * Nearly all the subjects in the experiment with 
the dynamometer * would unconsciously clench the empty hand as well 
as the one in which the dynamometer was placed. 

The consideration of the above facts would seem at first glance to ex- 
plain ''transference'* as due to the unconscious indirect exercise of 
those motor centers, nerves and muscles that are not necessary to the 
movement that is being performed. It is true that the unused symmet- 
rical or closely related muscles may grow in size as a result of another 
muscle's exercise. This was shown quite definitely in my first research. 
But there is a question whether this new substance that has been added 
to the muscle is a factor in the increased strength, rapidity or endurance 

* EXNER, Zur Kentniss von der Wechsehuirkung der Erregungen im Centralnerven- 
sysUm, Arch. f. d. ges. Physiol (Pflttger), 1882 XXVIII 487. 

' Urbantschitsch, Ueber den Einfluss von Trigeminus- Reiten auf die Sinnesemp- 
findungen^ insbesondcre auf den Gesichtssinn, Archiv. f. d. ges. Physiol. (Pflflger), 1883 
XXX 129. 

' Damsch, Ueber Mitbewegungen in symmet, Muskeln an nicht-geldhmten Gliedem, 
Zt. f. klin. Med., 1891 XIX 170. 

^ Davis, as before, p. 49. 

* Davis, as before, p. 24. 
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of the unused muscle. The facts observed there ^ seem to point to the 
conclusion that the substance added to the unused muscles is not a fector 
in the increased endurance, and, in so far as so few observations can, seem 
to eliminate the muscular factors altogether from the question of the 
causes of cross-education. 

Scripture * in a recent article has stated the three facts of cross-edu- 
cation as follows : 

1. "The principle of cross-education has been proved beyond ques- 
tion.*' 

2. **The gain by practice consists in a development of higher nerve 
centers connected with the two sides of the body. ' ' 

3. **The effects of practice are extended to different parts of the 
body.'' 

Finally he believes that ** sooner or later we shall be able to establish 

the fact that development of those forms of the will involved in simple 

muscular activities does also develop the more complicated forms that 

express themselves in acts of a mental nature. ' * 

■ ■ ■ » 

» Davis, as before, p. 23. 

* Scripture, Crosyeducaiion^ Popular Science Monthly, 1900 LVI 589. 



COMPUTATION OF A SET OF SIMPLE DIRECT 

MEASUREMENTS 

BY 

E. W. Scripture. 

I. Theory of the average and of representative errors.^ 

Given the single measurements x^, x^, •-, x^ where « is a finite number, 
a good representative value is found by taking the average 

x ^ + x^ + - + x^ 

X ^ • 

n 

This average is not the true value but merely a representative of the 
group of particular values. Thus in measuring the simple reaction time 
of a given subject at a given time under given external and internal con- 
ditions the results will not coincide if the unit of measurement is small 
enough ; there may be errors in the apparatus, and there are undoubtedly 
fluctuations in the internal condition (for example, of attention) that 
cannot be taken into account in the stipulations. Let the apparatus and 
the external conditions be made constant and correct to less than two-thirds 
of a thousandth of a second ; the results of the measurements are still ir- 
regular and their irregularity can be ascribed entirely to the fluctuation in 
the internal conditions, that is, to mental sources. 

What is the **true" reaction time among all the irregular measure- 
ments obtained? The problem is like that of determining the ** true " 
height of a class of students ; each individual has a particular height 
which is true for him but a " representative ' ' height is wanted for the 
class. 

The average is generally assumed as the best representative value. 
Yet each additional measurement is likely to alter the average ; the aver- 
age for five measurements will probably differ from the average for ten 
measurements, etc. The simplest assumption is that the ideal average, 
or true value, is that for an infinite number of measurements. Thus, if 



» References, for general works : Weinstein, Handbuch d. physikalischen Maassbe- 
timmungen, Berlin 1886 (to which the present account owes much); Czuber, Theorie d. 
Beobachtungsfehler, Leipzig 1891 ; Pizetti, Fondamenti ttaatematici per la critica dei 
resultati sperimentali, Genova 1892 ; Bertrand, Calcul des Probabilit^s, Paris 1 889; 
Airy, Theory of Errors of Observation, London 1875 ; Merriman, Method of Least 
Squares, 6 ed.. New York 1894. 
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we could measure the given simple reaction time for the given sub- 
ject imder the given conditions for an infinite number of times, we would 
have a value that we could well call the " true " value for the given con- 
ditions. 

True errors. 

Let this true value for the set of measurements x^y ^,, — , x^ be X. The 
individual measurements would vary from the true value X by the amounts 
F, = oTj — X, F, = AT, — AT, •• , F^ = ^^ — AT. These are the '* true de- 
viations," or ''true variations/' or "true errors," of the individual 
measurements for the true value. The term *' error ** has in this case no 
detractory meaning ; it is simply the usual expression for a deviation in 
such a case and, being almost universally adopted, it is probably best to 
adopt it in psychology also. 

Representative errors. 

It is nearly always necessary to know the amount of fluctuation of the 
individual measurements around their representative value. When the 
true value is used as the representative value, the fluctuations are ^, ^, 
••, V^, A good representative of Fj, F,, •-, F would be the aver- 
age of them all regardless of sign, that is, the average of the amounts by 
which the single measurements disagree with the true value — not con- 
sidering kind of disagreement whether positive or negative. Thus 

n 

would be a true average deviation, or true average variation, or true 
average error, the vertical lines indicating that the Vs are used without 
the signs -|- or — . Such a value can be called a representative variation 
or representative error. 

The true value of X, however, cannot be known and the average x is 
usually assumed as the best practicable representative value. The devia- 
tions from the average, or the practical errors, are then t\ = x^ — x, 
v^ = a-j — vV, •••, f'„ = X,, — X. These practical errors are not the same 
as the true errors. The average of these practical errors without regard 
to sign is 

_L !?» I _1_ ... _1_ \i) 



\v 



This is what has been improperly called the mean variation, the mean 
error, the average variation, the average error, or the average deviation. 
It is, however, merely an approximation to the true average error. If a 
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closer approximation can be found, this rougher one should be rejected in 
favor of the better. To find this better quantity we must first consider 
another representative variation. 

Mean error. 

Another representative deviation might be found by taking the square 
root of the average of the squares of the deviations, or 



M 






This is known as the ** mean error," or '* mean-square error,** or ** stand- 
ard deviation.** The term **mean variation** means this quantity and 
not the previous one, Dy which is termed the ** average variation.** 

Since the true value X cannot be known, the true errors F„ F,, ••, V^ 
cannot be calculated. The practical errors 7/,, 7;,, •••, v^ can be used to 
calculate a value 



m 



~^| n 



which is only an approximation to the mean error, or mean-square error. 
This approximation can be improved in the following way : 

The difference between the average and the true value may be called 
the ** resultant error ** ; it will be 

It is evident that 

V^^v.^K, y, = v, + /C, ..., K^v, + X. 
Substitution of these values in the equation 

'J .^ 1 1 ^ ^ t 1^ ^^ '^ n 

JLWJL 

gives 



n 



^, ^ v^ + vj + - + v : + 2K{y , ±J\ +:•!_+ 7/») + nK^ 



n 

But the definition of the average gives 

2\ + z', H h 2^H = o. 



Therefore 



n 
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This would give the degree of approximation of m to Af if IC could be 
known. 

We might have considered the difference between the true and the prac- 
tical errors as separate quantities ; thus 

These values of d would indicate the precision of the set v^^ f,, — , r„ 
as compared with the set V^, /^, ••• , V^ and their mean error would be a 
good characteristic error for the purpose. This mean error would be 

^ _ J ^.' + V + - + K\ 

But A" = ^j = ^, = • = d^ and thus fi ^ K. We now have 

where fi indicates the closeness of approximation of m to Af, 

With an infinite number of measurements x^^X\ whereby K^o, 
and At = o. With only one measurement z/j = o and J/=5 /x. Thus 
tx varies between the values o and M, Now it is a well established fact 
that the measure of uncertainty of a set of measurements varies inversely as 
the square root of the number of measurements. The precision of M 
may plausibly be assumed to vary in like manner and the quantity fi may 
well be replaced by a value that depends on n. 
Thus we may put 

where C is an arbitrary constant. 

But for // = I , /i = Mi therefore C = M and 



Finally 



or 



M 



-=--(") 



./'(:-;) = .' 



whence 



■\ n — I 



+ v: 
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• 
This new value for M gives a true mean error calculated from the 

practical errors. It is evident that the calculation of m is hardly desir- 
able when il/can be obtained from the same data by using n— \ instead 

of «. 

Mean error and average error. 

The relation of ilf to Z> in a given system of probabilities is constant ; 
in the system of probabilities generally assumed for measurements 

M 

Since the relation 75 is a constant one, it can at once be concluded that 

i/«(«— i) 

Thus the average deviation, or average error, calculated in this way 
is practically a true value. There can hardly be any excuse for using the 
value d. The extra labor in calculating D is not worth considering. 
For example, if there are 25 measurements the divisor will be 24.5 
instead of 25 ; with Crelle's Rechentafel at hand the extra trouble is 
small. On the other hand, the average deviation thus formed is not a 
rough approximation but one so close that it is practically true. 

This same consideration holds good for statistical researches, although 
it seems not to have always been taken into account. 

Which of the two characteristic deviations D and M should be used ? 
The quantity M calculated for the second powers of the variation is 
preferable to D calculated from the first powers or to any value calcu- 
lated from powers higher than the second for the following reasons : 

1 . A change in the conditions of the measurement will change the values 
of V. If the conditions are more precise, the Vs will be smaller, if less 
precise, larger. But for any particular method the Ts will be grouped 
more closely around a certain value than they will be around that value 
in any other method whether more or less precise ; this value is M. M 
is in this way an error specially probable in the particular set of measure- 
ments. 

2. The probability for the occurrence of a set of errors T,, V^y •*•> *« 
is the same as that for the occurrence of a set in which each /'= M, 

3. The fact that n is not infinite gives an uncertainty to D and M 
when they are calculated for the practical errors v. This uncertainty 
has been found by Gauss * to be for D 

1 Gauss, Bestimmung der Genauigkeit der Beodachtungen, Wcrke, IV 109. 
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and for il/ 

0.708 

r'« — I* 

Thus M is more precise than D. 

Probable error. 
Still another representative error is in use. If the errors z*,, v^^ ..., r, 
are arranged in order of size, for example the smallest to the left and 
the largest to the right, then the one in the middle could be chosen as 
the characteristic variation. For an infinite number of measurements 
this would be what is called the *' probable error.'* In an infinite num- 
ber of measurements there would be just as many variations, or errors, 
bigger in size than the probable error as there would be those smaller ; 
or if any one measurement were picked out by chance from the infinite 
series, the proper wager would be i to i that its error would be larger 
(or smaller) than the probable error. In an infinite number of meas- 
urements the relation holds 

P 



Thus 

or closely 

It is also true that 



^= 0.67449. 
P -=1 0.67449 M 



P = ^ M, 
3 



P== 0.84533^' 



In a finite series of measurements the probable error cannot be picked 
out, but may be calculated from the mean error. 

The fact of the almost exclusive use of the probable error by the other 
sciences makes it obligatory for |)sychology to use it in preference to 
the mean error or the average error, although in discussion of the results 
it is often favorable to use the mean error also. 

II. Example of computation. 

The character and purpose of these formulas may perhaps be made 
clearer by an illustrative example. 

Let the cjuantity to be measured be the simple reaction-time to the 
click of a sounder by a release movement of the index finger, while a 
certain subject is in a condition of prepared and undistracted attention. 
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The latter stipulation is met by placing the subject in a quiet, com- 
fortable, well -ventilated room, by making the experiments in small 
groups, separated by short intervals of rest, by giving a warning signal 
before each experiment and by the other usual precautions. The appa- 
ratus is so arranged that the stroke of the sounder makes the stimulus- 
record by a spark, a marker or otherwise ; the key is so arranged that the 
slightest movement of the finger makes the reaction -record. 

The records for Subject A are 251, 257, 265, 240, 219; pause ; 231, 
240, 242, 237, 245; pause; 241, 235, 243, 237, 239; pause; 243, 249, 
239> 251, 235; pause; 254, 237, 263, 263, 237. 

The record-blank will show the figures as indicated under the word 
Record, 

Record, 



251 


-»- 


I'Z 


5329 


257 


+ 


^S'Z 


176.89 


265 


-h 


»i.3 


453.69 


240 


— 


3.7 


13.69 


219 


— 


24.7 


609.09 


231 


- — 


12.7 


161.29 


240 


— 


3.7 


13.69 


242 


— 


1.7 


2.89 


237 


— 


6.7 


44.89 


245 


+ 


1-3 


1.69 


241 




2.7 


7.29 


235 


— 


8.7 


7569 


^3 


— 


0.7 


.49 


237 


— 


6.7 


44.89 


239 


— 


4.7 


22.09 


243 


— 


0.7 


•49 


249 


+ 


5-3 


28.09 


239 


— 


4.7 


22.09 


251 


-h 


7.3 


5329 


235 


— 


8.7 


75.69 


254 


+ 


10.3 


106.09 


237 


— 


6.7 


44.89 


263 


+ 


19.3 


372.49 


263 


-f- 


193 


372.49 


237 




6.7 


44.89 


245 


+104.7 


24)2802.05 


—1-3 


— 1 


[04.2 


116.75 


243.7 


+ 


0.5 


y/— 10. 8l 

?^v^= 7.21 



246 



239 



239 



243 



251 



4-5 


25 


4)1272 


-h" 


121 


318 


+19 


361 


/ — 18 


— 6 


36 


%l/-I2 


—27 


729 




8 


64 


4)102 


+ 1 


I 


26 


+ 3 


9 


V- 5 


— 2 


4 


%/ 3 


+ 6 


24 




-h 2 


4 


4)40 


— 4 


16 


10 


+ 4 


16 


V- 3 


— 2 


4 


ViV- 2 
















4)197 


+ 6 


36 


49 


— 4 


16 


v/= 7 


+ 9 


81 


y^v- 5 


— 8 


64 




+ 3 


9 


4)689 


—14 


196 


172 


-1-12 


144 


V -n 


+ 12 


144 


%y/= s 


—14 


196 
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Computation of the average. 

As all measurements were taken under the same conditions, they 
should be averaged together directly. In the present case where the 
groups are equal in size the group averages might be obtained and then 
averaged with the same result ; but where the groups are of unequal 
size this will not do. 

The usual way of computing the average when the figures are large is 
to assume first an approximate figure. Cursory inspection shows that the 
average is about 245. By mental calculation we find that the individual 
measurements differ from this by + 6, + 12, etc., and we add or sub- 
tract directly as we proceed. The eye does not need to notice the first 
figure 2 as it is constant. Running over the figures 51, 57, etc., we note 
+ 6, + 18, + 38, + 33, + 7, — 7, — 12, — 15, — 23, — 23, — 27, 

— 37, — 39» —47, —53, —55, —51, —57, — S^j — ^i, — 5^, 

— 60, — 42, — 24, — 32. That is, the sum of all the measurements 

exceeds 25 times 245 by — 32. Dividing the excess by the number of 
measurements we find that 245 must be corrected by — 32-^25=^ — 1.3 
to give the average. The average is thus 243.7. Computation with long 
columns of figures can thus be carried on with ease and accuracy. The 
addition may advantageously be performed by an adding machine or an 
oriental abacus. This latter is a simple device used by the Chinese and 
Japanese. Af^er some practice with an abacus or an oriental coimting 
frame interminable additions can be carried on with great accuracy and 
with very little mental labor. 

Computation of the variations from the average. 

The variations of the individual results from the average can generally be 
obtained mentally. The eye does not need to notice the first figure 2. 
The results are placed in the second column. It is frequently convenient 
to first till in the signs in this column ; thus all measurements larger 
than 243.7 will yield -f-» all smaller ones will yield — . Likewise the 
liocinials may be filled in : .3 where there is a + and .7 where there 
is a — . Wlien this has been done the computation may readily be 
carried out by subtracting 44 from the figure with a + and by subtract- 
ing tVoni 43 tor that with a — . 

Wo next finvl the sum of the positive errors and the sum of the nega- 
tive errors ; they should K* equal in size. The difference is found to be 
-f 0.5 which is 25 times the amount by which 243.7 is smaller than the 
average ; thus the average would Iv 243. 72 if the second place were to 
be rei;ardevi. 
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Computation of the probable error. 

The errors are now to be squared with the aid of a table of squares 
such as is to be found in every book of tables. The results are placed 
in the third column. The addition of this column may be aided by the 
use of an adding machine or an abacus. The sum of the squares is 
2802.05. Dividing by 24 we get 116.75, of which the square root is 
10.81. The probable error is ^ of this, or 7.21. Thus the average 
time is stated to be 243. 7*^^ 7.21^. 

This means (a) that upon making other measurements under exactly 
the same circumstances we can expect the result of any one measurement 
to fall within the region bounded by 243. 7<' + 7.2i<' and 243. 7*' — 7.21'' 
just as often as it will fall outside of it ; (^) that, since all instrumental 
and external sources of variation were eliminated, the value 7.2i<' repre- 
sents the internal uncertainty of Subject A*^ mental process in the given 
case. 

The great value of the characteristic errors as measures of mental ac- 
tivity seems to have been generally overlooked by psychologists. It has 
been in constant use in the Yale laboratory for a number of years and 
has furnished very important data, for example in the researches of Gil- 
bert on school children^ and of Nadler on alcoholism and other 
nervous troubles. * 

Testing the average. 

It is desirable to get some idea of how well the average represents the 
set of measurements. The choice of the average as a representative value 
rests upon the assumptions : (i ) that in an infinite series of measurements 
there would be as many values larger than the average, as there were 
smaller; (2) that extreme values are less frequent than those grouped 
around the average. In the present set there are 9 values larger and 16 
smaller than the average ; if in further sets of measurements the case is 
found to be similar, the conclusion would be reached that even in an in- 
finite number of measurements the disproportion would probably still pre- 
vail and that the average is not a very good representative value. In such 
a case it would be well to recompute the results, using the median as the 
representative value. The median is the middle value in the series accord- 
ing to size ; in a set of 25 measurements it is the 13th from either end wiMl 
the values are arranged in order of size. In the set we are computiof W€ 

> Gilbert, Rinarches on the mental and physical dn^elopmrnt of sch^at-MUfmh 
Stud. Yale Psych. Lab., 1894 II 43. ^__^ 

« Nadler, Reaction-Hnu in abnormal condUions of the nervous system^ mm^ Tm 
Psych. Lab., 1896 IV i. 
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Search for systematic errors. 

It is frequently possible to determine directly from the results some of 
the factors undergoing change. Since the measurements were made in 
somewhat independent groups, the average and the probable error for 
each group may be considered. 

The averages are 246, 239, 239, 243, 251 (p. 116). Owing to the small 
number of measurements for each average no reliance can be placed on the 
tenths arising by division and these averages are therefore not carried be- 
yond the unit's place. The deviations from the general average are -f 2, 
— 5, — 5, — I, +7. This would indicate a systematic influence tend- 
ing at first to shorten the reaction-time and afterwards to lengthen it as the 
experiments are made in succession. The early shortening is usually 
termed the ''influence of practice,*' and the later lengthening the "ef- 
fect of fatique." 

The probable errors are 12, 3, 2, 5, 8 (p. 116) or, as percentages of the 
respective averages, 5%, 1%, 1%, 2%, 3%. These indicate that the 
subject was in the first group quite irregular, that in the second he be- 
came much more regular and remained so in the third, whereas he lost 
some regularity in the fourth and still more in the fifth. The early in- 
crease in regularity is also termed the '* influence of practice " and the 
later loss in regularity the * * effect of fatigue. ' ' 

There are thus two sources of systematic error known as practice and 
fatigue. To investigate these there should have been no intervals of rest 
between groups of five and the whole set might have been longer. If 
the object of the present set, however, was to measure the reaction-time 
in a constant condition of practice and with no effect of fatigue, the 
grouping was not fully etTecti\e. To improve it the first group might 
be omitted if it ap|)eared as a regular thing in all cases that the first 
group ditTered from the others. The last group might perhaps also be 
omitted. The intervals between the groups might possibly have been 
longer with good etTect. 

A search for systematic errors within a single group might be at- 
tempted by averaging all the tirst values, then all the second values, etc., 
as indicatevl in the computation on p. 122. The averages are 244, 244, 
250. 240. 235. The prolvable errors are zr6.i, ±6.1, ±8.8, it 7.5, 
tz 0.5. rheri.* is tirst a lengthening and then a shortening of the average 
t'.nie. and first a ilecreaso in regularity and then an increase. These are 
direct!) opposcHl to the course of the systematic errors mentioned above 
as '^iirVvience of practice" and **enect of fatigue." If this same pe- 
culiarity should apiHMr in most of the other sets of measurements, a new 
s.>urce of s\>:ema:ic error would have to l>e looked for. 
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219 


16 
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100 
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16 
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237 


+ 2 


4 



9. 1 6. 1 



9.2 6.1 



II. 5 8.8 



II. 3 7.5 



235 376 9.7 6.5 

Reliability of the average, 

» 

Assuming that the measurements followed the ideal law of probabilitf 
we have the average as the most probable value. The assumptiofi 
eludes asymmetry and systematic errors. 

We have already said that, on making another single m 
under the same conditions, its value ought to be just as likely t# 
within the limits 243.7 ±7.21 as to fall outside of them. 

But suppose we make another series of measurements under 
circumstances ; their average ought to be more likely to fidl 
limits than outside them. It is found that this likelifaocMl 
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the square root of the number of measurements used for the average. 

Thus it is as likely as not that one single measurement will fall within the 

limits 243.7 ±7.21 but it is just as likely as not that a similar set of 25 

721 
measurements will fall within the limits 243.7 d= « 243.7 d= 1.44. 

An average derived from 25 results should have a probable error one- 
fifth as large as one of its single measurements. We can therefore say 
of the average 243.7 that, if the probable error for a single measurement 
be taken as unity, its probable error should be one fifth of that amount. 
The probable error for a single measurement in this example is 7.21 and 
that for the average will be 1.44. 

The average and its probable error are therefore stated to be 243.7 
zb 1.44. 

This probable error has quite a different meaning from that discussed 
on page 118. The other one served as an indication of the unity of the 
process involved ; this one shows how much value is to be attached to 
the average as a numerical figure. If the measurements had been stopped 
at the fifteenth, the average and the original probable error might possibly 
have been found to be exactly the same, but the probable error for the 
average must be larger because the average was derived from a smaller 
number of measurements and the original probable error would be 

divided by v/15 instead of v/25. 

For psychological work it is nearly always necessary to give the prob- 
able error for a single measurement and the probable error for the series. 
The use of the latter may readily be illustrated by requiring a result pre- 

1.44 
cise to a certain percentage. The average 243.7 is precise to - - or 

243* 7 

o. 7%. If the required percentage had been 2 %, an unnecessary number 

of experiments was taken ; if it had been 1%, there were not enough. 
To illustrate let us consider the following problems : Subject A is 
tested for the results of a change in one of the factors of his mental con- 
dition. In one set of experiments a all the conditions are exactly as in 
the example just discussed ; in another set /; he receives the instructions: 
** Make an intense effort to act ([uickly." The sets are repeated a num- 
ber of times in the order a b b a b a a b, etc. Let us suppose that the 
results when averaged show for rtr 45 measurements with an average of 
243.6 and a probable error of 8.1 and for /^ 57 measurements with an 
average of 2 1 2 . 2 and a probable error of 1 1 . 2 . These results would show 
that the extra effort of will shortened the reaction-time and made it less 
regular. The two results do not, however, possess the same reliability. 
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8.1 
The probable error for the first average is —p=^ = 1.2 or 0.49% and that 

II. 2 
for the second — —- = 1.5 or 0.77%. The average for set b is, there- 

fore, less reliable than that from a and the number of experiments should 
have been still further increased. 

The probable error of the average may conveniently be indicated by /, 
to distinguish it from the immediate probable error -P (p. 115). 
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RESEARCHES ON THE RHYTHM OF SPEECH 

BY 

J. E. Wallace Wallin. 

I. Historical. 

BrOcke* employed two methods in investigating the time relations of 
syllables and feet in verse. 

In the first method the subject of the experiment beat time with the 
finger upon a key, in unison with the rhythm of the scanning of the 
particular verse that was read by him. The key was connected with a 
marker, which was so arranged that the deflections were traced upon a 
recording drum. The distances between the checks in the record line 
were regarded as representative of the duration of time between the suc- 
cessive points of emphasis. 

In the second method a recording lever was attached to the lower lip 
or to the teeth of the lower jaw, or, though rarely, to the corresponding 
parts of the upper jaw. A series of monosyllables, consisting of such 
words as ba, bam , pap ^ etc., was given to the subject to scan with the 
utmost regularity in accordance with predetermined types of meter. 

The general conclusions indicated that the intervals between the ac- 
cented syllables of poetry are exactly equal irrespective of the quality of 
the material which constitutes the intervals. Whenever the number of 
unemphatic syllables which occur between two accented syllables exceeds 
the average, they are uttered with a rapidity sufficient to make the inter- 
vals equal as to time ; and whenever, on the other hand, the number is 
deficient, the loss is made up either by prolonging the syllables or by in- 
troducing pauses. 

Brockets investigation was concerned with a purely mechanical or ar- 
tificial method of scanning, different from the natural, free, or artistic read- 
ing. It is hardly justifiable to apply his conclusions to ordinary spoken 
verse in support of the principle of equality of feet.' The free rhyth- 
mical flow is the expression of impulses, unconsciously operative, that are 
in the mind of the poet in writing verse.* Mechanical scansion is the 

* Brucke, Physiologische GrundUgen der ncuhochdeutschcn Verskunst, Wicn 1871. 
•Paul, Gmndzuge d. germanischen Philologie, II (i) 909» Strasburg 1893. 
*PoE, The Rationale of Verse, Works VI 84, 92, Chicago 1895. 

I 
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expression of impulses consciously striving to produce perfect uniformity, 
for the sake of a certain pleasure which is derived from the satis&ction 
of expectant attention. In so far as it is perfectly mechanical, it disre- 
gards the logic and sense of the word, for the fuller gratification of these 
impulses which are relatively incapable of being intellectualized and which 
subserve but a limited function. 

BrCcke's conclusions are accurate only within wide limits owing to 
the inaccuracy of the apparatus of that date. The measurements were 
recorded on a crude form of the kymograph, the rate of rotation of which 
could not be increased sufficiently to register^ the minute differences 
which inevitably existed between the individual measurements. 

In reference to BkOcke's second method, we have to consider that 
the concatenation of syllables in the particular series that was scanned, 
was arbitrary and artificial. The syllables were uniformly monosyllabic, 
and of such a character as to require relatively equal strain on the organs 
of speech in uttering them. A combination of difficult and easy syllables, 
physiologically considered, would probably have yielded different results. 

The experiments of Hurst and McKay,* with more accurate appar- 
atus, were measurements of the intervals between the beats of the finger 
made in unison with scanned verse. The method was, in the main, like 
that of HrOcke. 

The following conclusions were reached : ( i ) the feet of a given verse 
are ccjual in length ; (2) dactyls and trochees are shorter, respectively, 
than anapaests and iambics ; (3) a radical difference exists between the 
anai)a;st and the dactyl, the length of the syllables in the former being of 
an *^ ascending," in the latter of a ** descending,'* order ; (4) there is 
a lack of a fixed i)roportion between syllables — the emphatic, however, 
being longer than the unemphatic. 

The postulates which underlie all similar attempts at measuring the 
duration and e(juality of poetical feet, are essentially two : (i ) the rhythm 
of the sc anned verse agrees with the rhythm of the taps of the finger, 
and (2) neither exercises an influence ui)on the other and the rhythm of 
the finger docs not tend to regulate the rhythm of the scansion. Neither 
of these assumptions is legitimate. In the first place, the two types of 
motor innervation do not exactly corres[)ond. This has been proved 
by the experiments of Mivake, at the Yale laboratory, in which the 
subject beat upon an electrical key with the finger as the sounds ma^ pa, 

' M El MANN, UnUnuihuftgen zur Psycho/ogif uftd Aesthetik <fes RhythmuSy Philos. 
Stud., 1894 X 418. 

*HuR»T AND McKay, Experiments on time relations of poetical meters ^ Univ. Toronto 
Stud. (Psychol. Series), X900 157. 



Researches on the rhythm of speech, 3 

etc., were spoken into a voice key. The beats of the finger preceded 
the sounds. A similar result has beeen obtained in the present series of 
experiments. The subject was required to beat time on the table upon 
which the phonograph rested in time with the rhythm of the accents of 
several verses of faultless meter, which were mechanically scanned. The 
finger beats were transmitted to the phonograph cylinder through the 
frame of the phonograph. The results showed discrepancies between the 
two beats, the beat of the finger generally being anterior to the metrical 
accents. In the second place, the experiments, to which reference was 
last made, indicate that the movements of the finger serve as regulators 
of the movements of the larynx. The subject was directed to scan as 
regularly as possible both with and without the beats of the finger. The 
result, as may be seen by turning to the E. H. T. records (Tables LXII. 
and LXXV. below), was that the regularity in the former instance was 
more than trebled. This explains the high degree of regularity obtained 
in the measurements of the two preceding series of researches. 

Kral and Mares* made use of a more direct method of measuring 
vocal sounds. The apparatus employed was a telephone receiver, in 
electrical contact with the nerve of a muscle of a frog's leg, the con- 
tractions of which were registered upon the smoked paper of a kymograph 
by means of a recording arm. The sounds spoken into the receiver pro- 
duced electrical vibrations that stimulated the nerve and caused the muscle 
to contract. 

The experiments included two kinds of measurements : ( i ) the 
length of syllables, long and short, uttered separately ; and (2) the 
measures of scanned verse. The language spoken was Bohemian. 

Four general results were obtained in this investigation : (i) long 
vowels and diphthongs, though generally longer than short vowels, were 
often of the same length; (2) neither of these had absolute time- 
values, even for the same person ; (3) consonants required a very short 
time for their utterance, the addition of consonants to syllables not be- 
ing attended by a proportionate increase in the duration of the sylla- 
bles, and some additions of consonants tending to shorten rather tha» 
lengthen the syllables ; (4) even in attempting to scan verse so as to 
exactly coordinate the time of the measures, an equality of time-val- 
ues was not obtainable, whether the scansion was according to the time 
theory or the emphasis theory of meter. 

While syllables should be measured, not as independent entities but as 
interrelated elements of a complex group of syllables — the conditions 

> KrAl a Mares, Trv&ni hldsek a slabik dU objectivnk miry, Listy Filologick*, 1893 
XX 257. 
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under which they occur in speech — these conclusions are importaDt as 
affecting the comparison of like syllables under like conditions. The 
conclusion with reference to the time-value of poetical measures^ it is 
interesting to notice, is at variance with the conclusions of the two former 
experimenters. 

Meyer,' in a series of experiments the publication of which appean 
never to have been completed, has measured the syllables and feet of 
spoken verse. An electric tuning fork vibrating loo times in a secoDd 
recorded the time line on a smoked drum. A Marey tambour registered 
the breath pressure from the mouth. Two trumpet -shaped speaking 
tubes of i^per were attached to the tambour by means of a short glass or 
metal tube. One of the speaking tubes was made to conveniently fit the 
mouth cavity ; the other, the nose. The tubes could be used singly or 
in combination. The result of speaking into the tube was to transmit to 
the rubber diaphragm of the tambour a series of waves corresponding to 
the sounds and silences of the utterances. The fluctuation of the dia- 
phragm were registered by an amplifying straw lever. Thus the duration 
of the successive explosions of the stream of outflowing air could be 
measured. i he successive puffs of air were hypothetically assumed to 
extend over the same times as the successive sounds. 

A further development of the apparatus consisted in connecting a tap- 
ping instrument to a recording lever whose point was adjusted immedi- 
ately under the point of the tambour. 

The method of taking the records consisted in repeating monosyl- 
lables singly or as a series of words, at the same time beating with the 
finger uj^on the tai)ping instrument in time with the articulation of the 
syllable at the moment of greatest emphasis (** Arsengipfel ** ). The sub- 
ject was thoroughly trained in coordinating the time of tapping with the 
time of uttering the words. The attem|)t was made to make that point 
of the syllable wliich represented the climax of the energy exerted by 
the vocal organs exactly correspond with the tapping time. This was 
assumed to be possible, for since both processes start from the same 
center the m.iximum points of force of the two innervations should occur 
synchronously. Thus the tai)|)ing mark upon the drum, regardless of 
where it 0( curred in the course of the sound, represented the point at 
which the energy of the syllable was the highest. 

The object of the investigation was twofold: (i) to determine the 
point of highest energy of single syllables beginning with difl*erent con- 
sonants, such as />//</, ///(/, ////, c</, ////</, etc. ; (2) to investigate the meter 
of (lerman verse. 



' Meyer, lin/nii^e zur Jfutschen Metriky Ncucre Sprachen, 1898 VI I-37; 122-I4O. 



Researches on the rhythm of speech, 5 

The author makes the following general deductions : . (i) the point of 
energy occurs in the initial consonant or consonants somewhere shortly 
before the beginning of the vowel, varying somewhat according to the 
difficulty of articulating the consonants* ; (2) the moment of the least, 
and not the moment of the highest, energy of speech determines the 
boundaries of the foot*; (3) whenever the beginning of the arsis (part 
of syllable preceding point of highest energy) coincides with the begin- 
ning of a syllable, and the end of the thesis (part following the point of 
highest energy) coincides with the end of the syllable, the boundaries of 
the foot coincide with the boundaries of the syllables* ; and (4) when- 
ever unemphatic syllables uniformly coincide with the arsis or the thesis 
of an accented syllable, the boundaries of the foot of verse and prose 
( " Sprechtakt " ) become identical.' 

Meyer states' that the investigation was subject to the following 
sources of error, which were incapable of elimination : (i) latent time 
of the apparatus (** Registrirverzogerung " ), some loss in the time of 
transmission, and in the quantity of the energy to be recorded in the 
passage from the receiving to the recording points being inevitable ; 
(2) errors of measurement (** Wahrnehmungsverzogerung'*) owing to 
the limited capacity of the visual organ to discriminate small differ- 
ences. 

The following considerations, as affecting Meyer's experiments, may 
l>e noted: (i) The measurements are essentially measurements of 
breathing. The air waves may or may not precisely coincide with the 
sounds. (2) An exact simultaneity in the occurrences within the central 
organs of the highest points of energy for the innervations of the vocal 
muscles and the muscles of the hand may perhaps be assumed. The ad- 
ditional assumption is made that the registering of the impressions are 
also synchronous. Since, however, the media for transmitting the im- 
pressions are not the same (the air and the hand), this may be unjustified. 
Moreover, it has been proved that no muscular movements are capable 
of exact coordination. Contrary to the supposition (although the move- 
ments of the hand are not reactions to the movements of the organs of 
speech) that the movements of the hand and vocal organs arc not fub- 
ordinate but coordinate, the movements of the hand may serve if • 
regulative concomitant of the movements of the vocal organs. For Vm 
reason the results may not apply to the rhythm of free declanwlKML 



1 Meyer, Beitrdge tur deutschen Metrik, Neuere Sprachen, 1898 VI 114- 
> Meyer, as before, 138. 
• Mkyer, as before, 26-30. 
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Triplett and Sanford/ using apparatus similar to that of BrOckb, 
HCrst and McKay and Meyer,* have measured eleven nursery rhymes of 
long, common and short meter, scanned by themselves eight or ten times 
with great regularity, and have studied without apparatus, the patterns 
adopted. A finger record of taps, a vocal record representing breath 
puffs, and a time line, made by an interrupter checking off tenths of a 
second, were traced on the kymograph. The voice record was used for 
comparing the exactness of the correspondence between the finger taps 
and the expiratory stresses. The intervals between the finger taps were 
measured. 

The following conclusions were reached : ( i ) If the pause intervals be- 
tween the larger rhythmic units are excluded, the measures of scanned 
nursery rhymes are approximately uniform. (2) There is a tendency to 
accelerate the speed of scanning the successive measures in the verse 
as well as the successive verses themselves. (3) No characteristic differ- 
ences of speed are found between dactylic and trochaic, anapestic and 
iambic measures. This is contrary to the results of previous experi- 
menters. (4) The most frequent patterns of verse have a characteristic 
movement, due partly to the distribution of the pauses and the tendency 
to increase the speed. 

This cursory review of previously existing methods of exp>eri mentally 
investigating the time relations in speech illustrates and enforces the 
necessity of improved methods of speech investigation. Two types of 
methods may be used. The former is largely the method which has pre- 
vailed iij) to the |)resent time. The sounds of spoken language have 
been measured by means of finger beats, currents of air and non-repro- 
ducible sound vibrations. A more direct method consists in measuring 
directly ibe sounds recorded in, and reproduced by a talking machine. 
This method has the following advantages : 

1. The instantaneous action of the recording stylus of the modem 
talking machines practically eliminates the errors of the ** latent time" 
of the apparatus and the recording of superfluous and irrelevant move- 
ments. 

2. It is the only method by which the accuracy of the recorded im- 
pressions can be com|)letely verified, since it alone affords the means of 
re|)roducing the sounds that have been recorded. The accuracy of the 
impressions recorded upon instruments of the non-reproducing kind, 
must always remain more or less conjectural. 



"TrU'LETT and Sanford, Stutfies of rhythm aud meter. Am. Jour. Psych.. 1901 
XII 361. 
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II. Apparatus. 

The experiments now to be described were begun in the early summer 
of 1900 and carried out during the academic year 1900— 190 1. 

The machine used in making records was a Lioret phonograph, re- 
sembling the graphophone in its construction. The rate of speed was 
accurately recorded. 

For reproducing purposes an Edison phonograph was used. A gear 
wheel with twenty-four teeth having the spaces filled with vulcanized rubber 
was placed on the axle of the phonograph. A metal spring resting upon 
the wheel made contact with each tooth. Every revolution of the con- 
tact wheel made twenty-four closures of the circuit. An Ewald magnetic 
counter placed in the circuit indicated the number of teeth passing under 
the end of the spring. 

A telegraph key was placed on each side of the phonograph. By 
pressing the knob of the key on the left side, the current was sent 
through the counter ; by pressing the key on the right side the cir- 
cuit was interrupted. In this way the number of contacts between 
the movements of the two keys was obtained. A knowledge of the 
rate of revolution of the phonograph cylinder when the record 
was taken made it possible to translate the number of contacts into 
seconds. 

The limit of the greatest possible speed capable of being utilized was 
determined by two factors : ( i ) the degree of dexterity developed by the 
experimenter in reacting upon the telegraph key to the given impressions ; 
and (2) the limit of accuracy of the magnetic counter. Beyond a cer- 
tain rate of speed the counter failed to register all the contacts. In none 
of my measurements was this limit even approached. The highest num- 
ber of contacts per minute required in the measurements was 2,880. The 
instrument was capable of registering a much higher number of contacts. 
Within the limits of speed, however, the accuracy of the measurements 
depended upon the maintenance of a fairly constant relation between the 
strength of the electrical current and the tension of the spring of the 
armature of the counter magnet. The accuracy of the chronoscope was 
verified by comparing the gross measurement of a large interval (^. ^., 
a verse or a stanza) with the aggregate of all the smaller intervals com- 
posing it (the measures and pauses); and by comparing the time required 
to measure off a stanza with the time required to record it, which had 
been ascertained by the watch. 

The limit of the slowest speed was dependent upon discriminative 
audibility. At a certain speed the sounds lose their articulate character. 
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Except for very special reasons, the speed used in measuring corresponded 
to the speed used in taking the records. This varied from 80 to 120 
revolutions per minute. By maintaining the recording speed the records 
were heard, in respect to speed and pitch, as they were made. The 
measurements which were made before the experimenter developed a high 
degree of proficiency were rejected 

The method of measuring consisted in first listening, through the ear 
tubes, to the record upon the cylinder and choosing the intervals to be 
measured. The intervals were then listened to repeatedly, and each one 
was measured from four to five times by pressing one key at the beginning 
and the other at the end. The average of the different measurements 
was recorded as the length of the interval. The successive measure- 
ments of the same interval differed only very slightly, and were frequently 
identical ; the measurements were thus quite accurate. 

In making the phonograph records upon which this research is based, 
the procedure was guided by the following considerations : 

1. All mechanical distractions and impediments, such as noises, strain 
of the muscles of the body or head occasioned by a forced standing or 
sitting posture, interference with the easy movements of the lips, fatigue, 
etc., of the subjects, were eliminated as far as possible. 

2. The material contributed for study should come from subjects with- 
out bias or preconception. 

3. The subjects were uninstructed in respect to the purposes of the ex- 
periment, except where the nature of the experiment required otherwise, 
in order to minimize the elements of un naturalness and intentional change 
of the manner of speaking. 

4. The subjects were of varied characters, with different languages, from 
different countries, of different stages and walks of life (elementary and 
high s( hool pupils, academic and graduate students, professors, poets, 
orators, musicians, etc.). 

5. The character of each record was made a true copy of the natural 
characteristic s of the mode of delivery of the subject, so as to be typic- 
ally his own, no matter what the idiosyncrasies. 

\\\ recjuiring the utterance to be natural the research could assume the 
role of being an investigation into the rhythmic peculiarities of actual 
speech. In a few cases, however, it seemed advisable to omit offering 
any instructions and the matter was left entirely to the taste of the reciter. 
Moreover, in proffering suggestions due care was taken lest the advice 
should tend to make the subject too self-conscious. Cases of mechan- 
ical scansion were also included for the sake of comparison and complete- 
ness of scope. 
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III. The centroid. 

I. Concept of the centroid. — A portion of speech such as "the cities 
are full of pride/' is physically a vibratory movement of a complicated 
form of which various portions can be assigned in succession to the 
sounds ^, ^, J, /, /, /, 2, etc., with more or less abrupt changes (glides) 
between them. The series of sounds represents : ( i ) a continuous succes- 
sion of vocal movements representing work, (2) a continuous vibration 
of an air particle, (3) a continuous succession of sensations. Both the 
speaker and the hearer feel the recurrence of points in the succession at 
which the impression reaches a maximum. These maxima are felt to 
have their positions determined not only by the actual maxima of vocal 
effort and of acoustic impression but also by the preceding sounds and 
by the anticipation of following ones. Owing to these circumstances the 
maxima as felt may differ more or less from the actual vocal or acoustic 
maxima. Such a maximum of effect may be called a * centroid.* ** 

The English poetical line may be considered as a certain quan- 
tity of speech-sound distributed so as to produce an effect equivalent to 
that of a certain number of points of emphasis at definite intervals. 
The location of a point of emphasis is determined by the strength of the 
sounds at and around it. It is like the centroid of a system of forces or 
the center of gravity of a body in being the point at which we can con- 
sider all the forces to be concentrated and yet have the same effect. 
The centroid is not a syllable or a single sound but a point in the 
course of a sound.* 

In the stream of vocal sounds the centroid lies in the syllable that 
relative to adjacent syllables, contains the maximum amount of force or 
loudness. The syllable containing the centroid may be called the " cen- 
troid syllable." It has been called the accented, emphatic, stressed, 
long or loud syllable. 

Every syllable in a verse or sentence may contain a centroid. Whether 
it is actually to become a centroid syllable when the words are read, will 
depend upon its logical function and the circumstances of the utterance. 

When the component sounds of speech are considered separately, the 
centroid represents the maximum of energy of a syllable. This point 
may, theoretically, either fall midway in the syllable, or precede or follow 
the middle point. According to BrCcke,' basing his deduction upon the 



* Scripture, Researches in experimental phonetics (pnt series) ^ Stud. Yale Psych. 
Lab., 1899 VII loi. 

Scripture, Elements of Experimental Phonetics, New York 1901. 

•Brcuke, Physiologische Grundlagcn der neuhochdeutschen Verskunst, Wicn 1871. 
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measurement of scanned verse, when the vowel of the emphatic syllable 
is short, the maximum of energy occurs at the end of the vowel or just 
before the following consonant ; when the vowel is long and not im- 
mediately followed by a consonant, it lies somewhere in the course of the 
vowel ; and when the vowel is long, but does not terminate the syllable, 
the point lies very near the boundary between the vowel and the conso- 
nant. According to Meyer * the point of highest energy in syllables con- 
sisting of a vowel with an initial consonant lies in the early part of the 
syllable, shortly before the beginning of the vowel sound. 

The physical factors that locate the centroid are increase of amplitude, 
increase of length and change in pitch. 

Typical cases would be r = ^oi + /©.a + Ai> or r = <io.4 + U.t + Ao or 
^= iZo.3 -f 4« +A3> ^^c-i where c indicates the strength of a given cen- 
troid, a, I and / the factors of amplitude, length and period, and the 
subscripts the share contributed by each. 

2. Kinds of centroids, — Centroids admit of distinctions of kind only 
from the psychological point of view. We may use the terra "phrase 
centroid" to denote the major or chief centroid of a given phrase. 
Each phrase should contain one chief centroid, one dominant idea, one 
specially important word. 

According to the purposes of thought and feeling subserved by the 
centroid, we obtain a threefold division ; rhythmic, pronunciatory and 
logical.' The function of the first is to mark off the different measures 
of verse ; of the second, to emphasize the root syllables of words ; of the 
third, to single out prominent words for special emphasis?. 

SirxDKN* distinguishes two kinds of accent in Swedish: (i) Word 
accent, or the stress belonging to a separate word, constituting the word 
when of two or more syllables a sound unity. This is subdivided into 
(^/) compound, or such accent as belongs to polysyllabic words having 
a .;'/w7v* accent ( '''' \^raTis " = accent with low tone) on one syllable and 
a sironij; subsidiary accent (^^^ leris^') on the other, e. g.y in Anna^ 
koNi/Ni:; 2iud miifisken \ and (/') simple, or the stress belonging to a mono- 
syllabic word with acNte accent (^'^zXv//" =: accent with high tone), 
and a polysyllabic word with a icaik subsidiary accent, e.g., in dok^ 
/w/rr and fnh' kern a {a kid on first syllabic). (2) Phrase or rhetorical 
( * ' oratorisk * ' ) accent, or the stress of a word in its relation to other words. 

Physically there are no distinctions of kind among centroids. There 
are no physical signs in the vibrations upon the phonograph cylinder 

•iMEYRR, Beitnii^e ztir lieufschen Metrik, Neuore Si>rachen, 1 898 VI 123. 
2 Lanier, The Science of English Verse, Chap. IV., New York 1880. 
3.SL'NDfeN, Svensk SprAklira, 15, Stockholm 1895. 
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whereby the logical varieties can be distinguished. The physical process 
is a continuity, admitting of distinctions of degree, the general charac- 
teristics of which are shared by all centroids. 

That we are justified in considering all kinds of emphatic syllables as 
centroid syllables, also appears from a consideration of the centroid as a 
process in consciousness. The centroid is an impression which arouses the 
sense of hearing to a certain pitch of intensity for a certain length of time. 
It is in respect of intensity that consciousness distinguishes it from other 
auditory sensations of the same nature. The strong sensations, irrespec- 
tive of logical distinctions, are designated centroid syllables, the faint 
sensations, non-centroid ones. 

Hence, as an objective physical occurrence, measureable in amplitude, 
period and length, and as an event in consciousness, capable of being 
roughly estimated in respect to intensity, any emphatic syllable may be 
included in the generic term of centroid syllable. 

The psychological differences in the centroid may be accompanied by 
correlative differences in tone-color or timbre of voice. 

3. Method of locating the centroid, — Two methods are available : (i) 
We may measure the tracings of sound curves of the talking ma- 
chines. The centroid will be located at that point along the time-axis of 
a syllable where the influences of amplitude, length and pitch are the 
greatest. (2) By listening to a phonograph record, and comparing the 
consecutive syllables in respect to the intensity of the auditory sensation 
which they arouse, we may classify the syllables as weak and strong. 
This purely psychological method lies closest to nature, because speech 
centroids, fundamentally considered, are mental quantities. 

The psychological method, according to which the centroids have been 
located in the present experiment, has been attended with some difficulty. 
It has sometimes, though rarely, been difficult to determine which of 
two, or whether any one of two, consecutive syllables is a centroid. 
Appeal has frequently been made to other persons. Where doubtful cases 
exist, the fact is indicated in the records by placing a ? directly after the 
centroid. 

4. The elements of the centroid, — ^The centroid in speech is the result 
of a number of complex mental forces which constitute an original and 
inseparable synthesis, and which are the indispensable conditions of the 
life of the centroid. These elements, constituting the fundamental frame- 
work of the centroid, are capable of isolation by processes of analysis only ; 
in any concrete case they constitute an irreducible complexity. 

This complexity of elements is threefold — including the factor of time, 
factor of force, and factor of pitch. Every sound that is uttered is con- 
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ditioned on these three fundamental processes. Every sound \% con- 
crete — of a particular pitch, intensity and duration. 

Furthermore, in order to excite the organ of hearing and give rise to a 
percept, every sound must attain a certain intensity, persist for a certain 
time, and fall within the limits of the psychological scale of pitch. 
Hence, both physically and psychologically considered, these three 
elements form the ultimate elments of the centroid. 

5. The essence of the centroid, — The question now arises, which, or 
how many, of these factors constitute the essence of a centroid ? 

(a) Historical summary. — Several answers, somewhat obscure and incon- 
sistent, have been given to the above questions. To enter into a detailed 
discussion of these would be out of place. The distinctions that have 
been introduced have turned either upon differences as existing between 
different languages or as existing within a given language. 

According to Sweet * and Poe ' accent is practically non-existent in 
French poetry. 

Accent in the case of ancient I^tin* and Greek,^ as well as in ancient 
and modern Sanscrit * and Persian, has been described in terms of pitch. 
The nearest modern approaches to this species of emphasis are the Swedish 
and Norwegian languages (^akut accent), the verse of which, however, is 
governed by different laws. The Scotch emphatic syllable, on the other 
hand, has been characterized as having a "grave tone,*** — that is to 
say, as lacking almost entirely in pitch modification. Theoretically 
Scotch would afford an instance of a monotone speech. Sund^n' states 
that grave accent (^niT'/s) is peculiar to Swedish and Norwegian ; and 
elsewhere,** that in Swedish the elements of pitch (melodic accent, 
^^ tonhd/tf) and loudness f expiratory or dynamic accent, tonvikt^^) 
coincide, and that an accented' syllable {a kut ox grains) is always long. 

The property of duration is said to contain the essence of the centroid 
in I^tin, Greek, Arabic, Persian and Sanskrit, by Mayor '•and Ellis." 

'Sweet, rrimer of Phonetics, 45-97, Oxford 1890. 
* Poe, The K.-itionale of Vtrsc, Works, VI ifx), Chicago 1895. 
•Kl.Lls, The QuaiUitative Pronunciation of I,atin, 21, I^mdon 1874. 
*Symoni>s, Sketches and Studies in Southern Kuroi)e, II 328, New York 1880. 
Ci.ARK. Manual of Linj^istics, 155 
•Cl.ARK, Manual of I.injruisiics, 155. 
•(iUEST, History of English Rhythms, II, London 1 882. 
'Sl'NDfeN, Svensk SprAklJra, 15, Stockholm 1895. 
•As above, 14, 17. 

•SUNDfeN, Kort Ofversigt af Svenska Vitterhetens Historia, 20, Stockholm 1 885. 
>o Mayor, Chai)ters on Knglish Metre, London 1886. 
" Ei.i.is, The Quantitative IVonunciation of I^tin, 21, Ix>ndon 1874. 
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In the following two groups, emphasis is resolved into terms of loud- 
ness or expiratory stress : Modern Greek, Italian, Spanish, German and 
English; * and old Italic, Keltic, Teutonic and Lithuanian.* 

Just how far these distinctions are valid, it is not our purpose to dis- 
cuss. This remains as a problem for future investigation. 

We have reserved the theories of English accent for separate consid- 
eration. It is in this province that our chief concern lies. 

It is difficult to classify, or bring into any sort of unity, the different 
utterances on the nature of the centroid in English verse, so indefinite 
and conflicting are the statements — statements that have been charac- 
terized as more pitiable nonsense than has ever been written on any 
other subject under the sun.^ If we divorce the problem now under con- 
sideration from the connected problem of the quantitative character of 
English verse, which is reserved for discussion in the following section, 
the difficulty is increased. We are here concerned with the properties 
only of the centroid as such, and not of the centroid as a member of a 
succession of centroids. 

The most prominent feature in the discussions of English prosody is 
the widespread assumption that the centroid in English is essentially a 
phenomenon of loudness, force, or stress. This position is maintained 
by Abbott and Seelev,* Mayor,* Wallis,* Guest,* Gurnev,^ Ellis," 
Lanier' and others. A somewhat modified view is to the effect that there 
is a natural, although not an essential, connection between increase of force 
and increase of duration.*^ According to this view quantity is secondary ; 
it is the variable element, while loudness is the stable element. Arnold " 
goes perhaps a step further in affirming that in English poetry, "accented 
syllables are long, and unaccented short.** Poe" holds that our start- 
ing point in the conception of verse is quantity or length ; we begin with 
the long syllable, and the long syllable is the encumbered or emphatic one. 
Johnson," the litterateur, transferred the conditions of classical accent to 



> Mayor, Chapters on English Metre, London 1886. 

2 Clark, Manual of Linguistics, 155. 

3 Poe, The Rationale of Verse. Works, VI 59, Chicago 1895. 

< Abbott and Sekley, English lessons for English People, 153-154, Boston 1880. 

*May.»r, Chapters on English Metre, III, London 1886. 

* Guest, A History of English Rhythms. IV, London 1882. 
"'Gurney, The Power of Sound, 429, 433, 437, London 1880. 

* Elms, The Quantitative Pronunciation of Latin, II, Ix>ndon 1874. 
'Lan'ier, The Science of English Verse, I and II, New York 1880. 
'"Seeley and Abbot, Guest, Mayor, Ellis, Symoni^s. 

>' Arnold, Manual of English Literature. 

»^ Poe, The Rationale of Verse, Works, VI 59, 79. 88, Chicago 1895. 

«» Guest, as above ; Corson, A Primer of English Verse, IV, Boston 1893. 
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English verse : the emphatic syllable is invariably long. Lotzb ^ ventures 
the suggestion, without limiting its applicability to any one language, that 
the emphatic syllable always requires a longer ''Sprechaeit/* 

MiTFORDy' a musician, held that '' sharpness" or pitch constituted 
the essence of the accented syllable ; and Schmidt/ that there is an 
almost inseparable connection between pitch and intensity in English. 
Finally, Sweet * asserts a natural, though not a necessary connection be* 
tween all the three elements. 

(^) Experimental solution, (i) Method.— -The method employed in 
determining the essence of the centroid was as follows : Selecting the 
centroids which had been previously located, of any given record, the 
stylus of the recorder was made to pass over each syllable a score or so 
of times, with varying rates of rotation of the cylinder. By thus listen- 
ing attentively to the same syllable under varying conditions, it was 
possible to determine what element, or elements, were predominant in 
the sense-impression. 

The results were indicated by placing appropriate S]rmbols above the 
syllables. The next step consisted in verifying, by all available means, 
the results of mental discrimination. In respect to duration, the method 
employed was to measure the length of the syllables marked duration 
centroids ; in respect of pitch, the syllables marked pitch centroids were 
compared with the pitch of adjacent syllables by aid of the piano. 
The element of duration and pitch could thus be estimated with 
great precision as regards their physical aspects. Viewed phycholog- 
ically, however, that is to say, from the point of view of their importance 
as elements of intensive states of consciousness, a value could be assigned 
to each only when compared with other points of emphasis, by way of 
contrast, similarity, etc. Finally, the estimate of loudness reposes upon 
the immediate testimony of consciousness. These considerations, how* 
ever, do not effect the certitude of the determinations with reference to 
the mere differentiation of the different factors. It is only as respects 
the degree of loudness that the judgments may be questioned. 

Altogether 513 centroids, selected from eight different records were 
studied, namely, those of W. L. P., J. W. R., G. A. A., C. O. S., A. 
D. B., C. O., VV. C. and W. W. The results are given in the two fol- 
lowing tables. 



' LOTZK, Geschichte des Aesthetik, 301. 
•Guest IV, and Corson IV, as before. 

'Schmidt, Introduction to the Rhythmic and Metric of the Gassical Languages, 17^ 
Boston 1878. 

« Sweet, Primer of Phonetics, 67, Oxford 1890. 



Researches on the rhythm of speech. 



15 





Ci o« Os 


n 


250 35 3 


t 


288 



L L b. 
01 0» 08 

5 16 20 
41 



Table I. 

Centroid eUmenis. 

Principle of synthesis. 



01 



©» 08 

9 7 
16 













14 I 


3 6 2 


15 


II 



A A 
• t •! 

4 2 



A 1 At AS 

4 I 
5 



M, number of centroids. 

U {Aggregate number of centroids per group. 

i» J. 8» degrees of centroids. 

Number of centroids in entire series of groups, 383. 







Table II. 










Centroid elements. 








Principle of substitution. 






©1 


08 0S •! %\ 08 


Al 


AJ 


AS 


15 


30 14 


28 20 7 


II 


5 






59 


55 






16 



n 

t 

n = number of centroids. 
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i> s« 8* degrees of centroids. 

Number of centroids in entire series of groups, 130. 

(2) Explanation of symbols. — The following symbols are designed to 
represent the properties, or property, which enter into the make up of 
the centroid. 

The open circle (o) denotes a relative equality of pitch, loudness and 
duration emphasis. Ideally this sign should signify that the share con- 
tributed by anyone of these elements is equal to that of any one of the 
others. The equality, however, is only relative. In English and per- 
chance in other modern languages, the element which has the greatest 
claim to supremacy is that of loudness. Hence the open circle is rep- 
resentative of a synthesis of three elements, in which the element of 
loudness is slightly predominant. 

In the dot circle (0), or the circle with the dot in the center, the fac- 
tor of loudness distinctly predominates over the factors of duration and 
pitch ; in the closed circle (•) the element of duration preponderates ; 
and in the inverted triangle the pitch factor overbalances the other two. 
Of the latter sort two alternatives are possible. The pitch emphasis may 
be due, in both cases by way of contrast, to a raising (a ) or lowering 
( v) of the pitch. The latter is the rarer of the two, as will be seen by 
a study of the records. Theoretically, either is an extreme departure 
from the medium pitch of any given record, and tends to an increase of 
emphasis. 
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The superposition of one symbol upon another signifies that the S3rroboI 
which is placed underneath contributes the main part of the total effect. 
The upper sign indicates the element next in importance. The third 
element, of course, is subordinate to the element of the uppermost sign. 

In each of these cases one element is predominant ; while the other 
two are subordinate to this element, they may be equal to each other. 
The weaker elements are always present as the substratum of the centroid. 
They are the conditions of its very (possibility as a vocal phenomenon. 
The abolition of any one signifies the abolition of the process of vocal- 
ization. 

The effect of these several amalgamations, as well as the relations 
which they sustain to one another in respect to frequency and stress, will 
be seen in what follows. 

6. Decrees of the centroid. — The subscripts to the symbols denote 
the relative degrees of the force or strength of the centroid as an effect 
in consciousness. They indicate the degree of the entire centroid and 
not that of the particular elements to which they are attached. A great 
number of variations in stress are possible, but the degrees have been 
limited to the first, second and third. Consciousness can immediately 
distinguish three degrees of auditory sensations: (i) high, medium, 
low; (2) loud, medium, weak; (3) long, medium, short. 

Ellis, ^ has elaborated a scheme, whose main defect is its over-minute- 
ness of analysis, in which five different elements (force, length, pitch, 
weight, and silence) of emphasis are distinguished. To each one of 
these elements he ascribes nine possible degrees of stress. The theory 
has been justly criticised, as well as misinterpreted.* The misinterpre- 
tation is due to a misunderstanding of the nature of the centroid. The 
centroid, as already affirmed, is not the resultant of the agglomeration of 
isolated fragments superimposed upon one another, but a complexity orig- 
inally and inseparably multiplex. None of its elements exists in isolation. 
Nothing is added to a thirtl degree centroid, except an intensification of 
one or all of its elements. Hence the scheme of F^llis provides for nine 
degress of stress, and not for forty live," as has been supposed. 

A like over-minuteness of analysis is characteristic of the system 
of SwKF.T.* He distinguishes five degrees of quantity (very long, 
long, half long or medium, short, very short), three degrees of force 
(level, crescendo, diminuendo), four degrees of stress (very strong. 

^ Ki.L[s Acitfit ijtul emf^hasisy 'I'rans. I'nj^. IMiilol. Soc, 1873-74 and June, 1876. 
^ Mayor. ( 'hapters on Knj;lish Metre, 57-74, London 1886. 
•Mav<»r, ("haplerson Enj^lish Metre, 09, London 1S86. 
* SWKET, Primer of nionetics, 43-66, Oxford 1890. 
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strong, half strong, weak), and three primary forms of intonation (level, 
rising, falling). 

In Swedish * the following degrees are recognized : 4th, the principal 
accent of the acute species, e. g.^ the first syllable of anden (from ami) ; 
3d, the principal accent of the grave species, e. g., the first syllable of 
anden (from ande) \ 2d, the strong subsidiary accent, e, g., the second 
syllable of anden (from ande)\ ist, the weak subsidiary accent, e, g,^ 
the first and third syllable of universitet ; and o, the weakest accent 
( * ' tonloshet * ' ) , e. g., the second and fourth syllables of universitet. 
No word has more than one principal accent (4th or 3d), nor more than 
one strong subsidiary (2d). 

The groups in Tables I. and II. are arranged according to the order 
of frequency of occurrence. We shall consider them separately under the 
principles which they exemplify. 

Principle of synthesis. — The several groups of Table I., which reftult 
from the different modes of combination of the elements, may be 
studied from two points of view : frequency of occurrence and degree ^ 
intensity. 

The most frequent combination is o, where loudness is slightly more 
prominent than duration and pitch. This constitutes 75.1% of all 
the groups. The next, the loudness-pitch fusion (0), where loud- 
ness is distinctly predominant, represents 10.7% ; the loudness-duratioi 
(•). 41% ; the duration-loudness (§), 3.9% ; the pitch-loudnew (%), 
2.8%; the duration-pitch (^), 1.8%; and the pitch-duration (?), l»%%* 
The two extremes consist of the o and the ^ (pitch-duration) . PeilMy^Jl 
may be justifiable to regard the former as the normal, or most natwat 
the latter as the abnormal, or most unnatural, mode of fusion^ 
scarcely less striking is that the loudness-pitch (0 ) combination M 
equal in frequency to all the others, exclusive of the o ccoMiit lIp 
respect to frequency, therefore, ithe element of loudnen 
eminent. It is present as a distinctly apprehended element fai; 
two groups of combinations. 

The following percentages, as to the degree of intensttf 
these fusions, obtain between the different degrees of each 
thesis : 

0^2* --=12.1 ^J2° = 39. 5^ 2° = 56.3 %\ 

(3^= I (30^48.7 (3° =43-7 1 




© 

A 



10 = 27.2% { 1°: 114.3% 

3'' = i8.2 (30 = 28.5 



*Sund£n, Svensk Spr&kl&ra, 14, Stockholm 1895. 
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1. Of all the fusions the c (normal) centroid alone has the highest 
percentage in the first degree and the lowest in the third degree. All 
the others have the smallest percentage in the first degree, with the ex- 
ception of i (pitch-intensity). 

Psychologically, this signifies that the normal or most prevalent mode 
of synthesis, though excelling in frequency, is vastly inferior in intensitj. 
When an increase in intensity is effected, some one factor gains 
prominence. 

2. The loudness-pitch ( t ) synthesis alone has the highest percentage 
in the third degree. Hence this is the most effective mode of fusion Id 
respect of intensity. The loudness-duration synthesis (J) is a close 
second. 

3. All of the last five modes of synthesis of Table I. (loudness-dura- 
tion, duration-loudness, pitch-loudness, duration-pitch, pitch-duration) 
have the highest percentage of centroids in the second degree. As 
second degree centroids, the duration-loudness and pitch-duration stand 
preeminent. 

Thus far the elements have been considered in conjunction. No one 
element has been supreme. We now proceed to study the cases in which 
some one element predominates. 

Principle of substitution. — The percentages of frequency are as follows 
(Table II.): loudness, 45.3 percent.; duration, 42.3 per cent.; and 
pitch, 12.3 percent. The proportion, though not as large as for the 
previous class, is seen to follow the same general order ; the extremes are 
composed of the loudness and pitch centroids. In so far as these may 
be regarded as independent sources of intensity, loudness and duration 
are each employed nearly four times as frequently as pitch. Loudness ib" 
slightly more prevalent than duration. 

The average kngth of the duration type was o. 28*, which exceeds the 
average length of the normal centroid by 0.09*. That is, it is 1.47 
times longer than the average length of the ordinary emphatic syllable 
(falling under the principle of synthesis). 

As to degrees of intensity, the following relations are sustained : 

p°--25.4'^# (i°-5o.9% ri« = 68.75 

'• - 2° - 50.8 •• 2^^36.3 L ^ 2® — 31.2 

(3° -23.7 (3° 12.7 (30 = 00.0 

OhseriHitiotJs atid conclusions. — A study of the two principles suggests 
the following conclusions : 

I. The element of loudness ranks highest in the degree of intensity 
attainable through the employment of any one element as a substitutive 
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instrumentality ; duration is equal to about one-half the eflfectivencss* of 
loudness, while pitch independently is inferior to duration. In some 
records these elements very rarely play an approximately independent role. 
This tends to heighten the effect, in harmony with the general principle 
of contrast, when they are fitly employed. 

2. The chief function of duration and pitch as substitutive clement* 
consists in producing a first degree centroid, or in constituting a douU- 
ful syllable, as compared with an adjoining syllable, a centroid »yllable. 

Speculation may be indulged in as to the special functions, i>sy<:holog- 
ically, of pitch and duration emphasis, considered as vehicles forexprt^- 
ing different states of thought and feeling. It may be suggested that the 
third degree duration emphasis seems specially adapted to exprciw tJie 
emotions of awe and grandeur, as well as solemn and grave thought** 
Notice, for example, the frequent use that is made of the duration tyj^ 
of emphasis in the pulpit and on the rostrum (cf. record of C^.*>.S,, 
below). 

3. The chief function of loudness as a substitutive property, ap|x-ir« 
to consist in producing a second degree centroid; a like function %^t%i^ 
to be subserved by the duration loudness (§), the pitch-duration C? ), U*e 
duration-pitch (^) and pitch loudness {%^ centroids. I ,oudnciMJ J«A- 
pendently is equal to any one of these integrations in effective»ei» 1# 
intensity. 

4. The thought is suggested that the function of the coale««ot -rf 
loudness and pitch {% ), and probably of loudness and duration ^t^*^ 
in the production of a third degree, or maximum, centroid c««<. Xm^ 
the former mode of synthesis that displays a highest pcrccfil*fr Ji» -fe 
third degree. ^^ ^^ 

5. The function of the loudness-pitch-duration (o) tnod« <*^*>M »^ 
in which loudness is slightly the most important eleme m^ ^^ ^ M 
serving as the substrate of the speech centroid ; ana in 
syllable a centroid syllable when a constituent of a segti^^ *' ^^ 

Assuming o to be the threshold of intensity of the ciBif nil M ♦f. 
lables that fall below the threshold may be designated ^^V^^TT '^ 
weak syllables. They are lesser or fractional centroid •ylMwn w^ ^ 

a natural series of gradations below, as well as above, m^ ^ *^ 

centroid. The threshold is always relative to any tf^'^f* flP*^»«>5*K 
it is not a fixed quantity but is always more or lcs» 

6. A comparison of the two principles shows th»* 
thesis, in respect to frequency of employment, 
principle of substitution, approximately as 3 : i. 
are employed about three times as fre(juently as the 
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7. In respect to the third degree of intensity, the proportion between 
the effectiveness of the mode of synthesis centroids and the mode of sub- 
stitution centroids is as 1.54 : i. For the second degree, the propjortion 
is as 1. 41 : i ; and for the first degree, as i : 2.47. In other words, the 
second and third degree integrated centroids are each about 50 per cent, 
more frequent than the second and third degree substitutive centroids. 
The first degree substitutive centroids, on the other hand, are about two 
and a half times more frequent than the integrated centroids. The cen- 
troids consisting of integrated elements are thus seen to be far superior 
to the centroids consisting of substitutive elements, as regards intensity. 

8. To adequately account^ for all the variety of force relations obtain- 
ing among centroids, two principles have to be invoked : the principle 
of substitution and the principle of synthesis. Both are important, but 
the last is the more effectively employed, both with reference to fre- 
quency and strength. The employment of both principles conduces to 
pleasing variety, richness and melody, and physical and mental economy 
in speech. A due observance of the two principles contributes no incon- 
siderable part to the enjoyment derived from listening to a good reading. 

9. Although the essence of the centroid is always a threefold com- 
plexity, any one of the elements may become predominant, though not 
entirely supreme. 

7. Rein f ion of tiic ccniroid to tJu parts of speech, — A question which is 
immediately suggested by the foregoing considerations is the relation, 
both in respect of prevalence and degree of intensity, which the parts of 
s])eoch sustain to the centroid. To determine this, 336 centroids were 
classified according to the kinds of words of which they were composed. 
The results are tabulated in Tables III. and IV. 

« 

Taim.e III. 
Distt i^'ution of the cvntroiJ amon^ parts of speech. 

Kind. n % 

Nouns, 107 0.31 

Verbs, 77 .22 

Adjcclives. 59 .17 

A(lverl)S, 40 .II 

C'onjuncli()n>, 21 .06 

rreiM)sitioiis, 16 .04 

Personal ])ron()uns, II .03 

IVoper nouns, 4 -O' 

Interjections, i 003 
;/. number of occurrences. 



At 



, percentajije of all occurrences. 



* The element of quality, or timbre, has been left out of the account. 
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Table IV. 
Relation of degrees of cenlroids to parts of speech. 
Kind, I« IF Ilio 

Nouns, 0.54 0.37 009 



54 .35 xo 

35 .44 .20 

77 15 •07 

95 00 04 

00 .00 .00 

54 27 18 

50 .00 .50 

00 .00 1. 00 



Verbs, 
Adjectives, 
Adverbs, 
Conjunctions, 
Prepositions, 
Personal pronouns. 
Proper nouns, 
Interjections, 

8. Observations and conclusions. — While the determinations are largely 
tentative, they point to a few facts which may be accepted as trustworthy. 

1. The nouns and verbs rank highest, respectively, in grade of fre- 
quency. The adjectives come third, with a little over one-half the fre- 
quency of the nouns, and a trifle over three-fourths the frequency of the 
verbs. The interjections and the proper nouns rank the lowest. 

2. Excluding the interjections, only one case of which was studied, 
all the different kinds of words have their highest percentage in the first 
degree, except the adjectives and the proper nouns. The latter are evenly 
distributed among the first and third degree centroids. The former have 
the largest percentage in the second degree, and also rank next to the 
highest of any part of speech in the third degree column. As between 
nouns and verbs, a parallel proportion obtains. Over half the number 
are first degree, a little over one-third are second degree, and only one- 
tenth are third degree centroids. The personal pronouns follow the same 
general course except that the percentage in the third degree is relative y 
about twice as high. In the adverbs, on the other hand, the gradation 
is very rapid from the 1° to the 11° ; the percentage of 111° is about one- 
half of IP adverbs. The conjunctions and prepositions are almost wholly 
limetd to the first degree. 

In the main, then, it seems that, as regards the intensive 
pect of words, the parts of speech rank in the following order: proper 
nouns, adjectives, personal pronouns, verbs, nouns, adverbs, c j 
and prepositions. The proper nouns, however, may be consi 
ful, as only four cases were studied. . .|| 

The subsumption according to degree of stress di fibers, 1 
from the subsumption according to the frequency o^ occu 

It is interesting to compare these results with the ^^^^^^^ 
propounded by Guest,' according to which articles arc 

»GUKST, A History of English Rhythms, 85, London l8Sa. 
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qualifying words — for example, adjectiveSi adverbsi and posseasive pio- 
nouns — receive a fainter accent than the words they qualify ; personal and 
relative pronouns take a fainter accent than the verbs ; and in words oom- 
pounded of a substantive and adjective, the accent fidk on the adjjectife. 
This theory is somewhat at variance with the above determinations. 

Sund£:n ' holds that articles in Swedish are never accented. Pronouns, 
auxiliary verbs, prepositions and conjunctions are generally not accented. 

It is quite apparent upon the surface, that, with reference to any part 
of speech, no rules can be laid down that admit of no exceptions. The 
same noun, adjective, verb, adverb, pronoun, etc., may at one time be 
a first, at another a second, and at yet another a third degree centroid, 
depending upon the relative importance which the word plajrs as a vdiide 
for the conveyance of the thought that is uppermost in the mind of the 
speaker on any given occasion. 

9. Recapitulation, — The discussion of the preceding pages has been am- 
fined to a treatment of the centroid as an isolated element in speech — 
that is, a definition of the concept, the kinds, the elements, degrees and 
essence (as illustrated in the principles of integration and substitution), 
and the word-analysis of the centroid, have been given. The next step 
consists in studying the centroid as a constituent member in a sequence 
of centroids. This phase of our enquiry diverges in two directions. 
On the one hand, we have to consider the relations which centroidal and 
non-centroidal syllables sustain to one another as respects duration, 
whether that of equivalence, or of simple or complex proportion. This 
problem concerns the question of the "quantitative character of verse." 
On the other hand, we have to consider centroids aa recurrences, and 
determine whether the time intervals between them are equal. This 
problem deals with the question of the succession of the centroids. 

Both of the above problems are phenomena of time. Much confusion 
has obtained with reference to their relations, in writings on the "time- 
theory of verse." The signification of the term "quantity" has cus- 
tomarily been extended so as to become coextensive with all the time ele- 
ments of rhythmical phenomena — succession, recurrence, duration, etc. 
** Quantity," however, is a phenomenon of duration ; succession, a phe- 
nomenon of intermittent recurrence. The two are separate and distinct, 
and should not be made interchangeable terms in speech. Duration is 
independent of repetition ; repetition involves duration. Duration, as 
synonymous with quantity in speech, is an uninterrupted span ; succes- 
sion, a series of long or short spans. 
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The specific task of the first enquiry is to measure the time occu- 
pancy of elementary sounds, centroidal and non-centroidal, and the 
gaps occurring between them (not pauses). The function of the latter, 
starting with this given manifold, is to determine the exactness of the 
coordinations of the intervals which occur between the momenta of 
rhythmical wholes ; and to disclose the principles governing the rhythm 
of speech. 

IV. The measurement of separate sounds and silences. 

I . Explanation, Speech, structually considered, is a complex synthe- 
sis of a number of formal unities. The following may be distinguished : 
( I ) the unity of the poem or discourse, as a whole, governed by the I 
principle of the unifying actus of the theme ; (2) the unities of the sec-, 
tions and subdivisions, governed by the principle of the logical subordi-) 
nation of the parts to the whole ; (3) the unities — the unities of speech 
par-excellence — of the particular groups of words or syllables which arc 
separated from other groups by pauses, governed by the principle of the 
pause — punctuation-mark or non-punctuation-mark pause — ^and the expi-^ 
ration interval; (4) the unities of poetical verses, governed by the prin 
ciple of the terminal pause; and (5) the more ultimate unities, consist- 
ing of separate sounds or syllables, governed by the principle of the 
silences or glides which separate them, as dependent upon the action o 
the vocal organs. 

The first two classes of unitary groups are easily recognizable upon the 
printed page ; in speech they are logically distinguishable. According to 
Sweet,' the only division actually made in language is that into '' breath 
groups," corresponding to (3) above. 

No account of the first and second kinds of unity has been taken in 
these experiments. The third (and the second in so far as it coincides 
with it) and the fourth receive separate treatment elsewhere. The fifth 
unity is the subject of this section. 

The denial * of the existence of the unities of separate sounds and 
silences is founded upon a natural illusion. The unity of a grain of 
sand is for unaided discriminative visibility the grain as a whole ; for 
science it is the particles composing the grain. For the eye it is one 
thing; for the microscope another. The only unitary sound groups 
in speech for unaided discriminative audibility may be the "breath 
groups." When the reproducing speed of the phonograph cylinder, 



» Sweet, Primer of Phonetics, 42, Oxford 1 890. 
• Sweet, as before. 



24 J' E, Wallace Wallin, 

however, is sufficiently reduced these groups are split up into separate 

syllable groups. 

The method by which separate sound unities are perceived is thus 
analogous to those used in perceiving ultimate sight unities, namely, to 
augment the quantity of the sensations by instrumentation. 

The speed of the phonograph cylinder was reduced until a group of 
rapidly recurrent sounds, which had previously appeared as a homoge- 
neity, was split up into discreet elements of sound separated by gaps. 
That is, psychologically these sounds and silences corresponded to a 
series of auditory sensations alternating with gaps or silences. It is the 
time of these several sensations, as well as the time of the intervals of 
silence between them, that was measured. Hence the terms separate 
sounds and silences are to be psychologically interpreted. 

Physically, the sounds represent vibrations of given lengths, amplitudes 
and periods. The gaps or silences probably correspond in some cases 
to very weak vibrations (glides). Not infrequently, however, they are 
physically interpretable as absence of vibrations. 

Physiologically, the sounds and silences are interpretable as changes in 
the condition of the vocal organs. 

Owing to the degree of skill demanded by the difficulty of the work, 
the measuring was deferred to the later stages of the research. The 
words sometimes became so indistinct or transitory as to preclude meas- 
urement ; but the instances were few, for the sounds, in reducing the rate 
of rotation of the cylinder, tended to become inarticulate before they be- 
came inaudible. A tone in order to be audible must consist of not less 
than a|)proximately i6 vibrations })er second. Theoretically, therefore, 
by slowing the speed sutTu iently the lower pitches of the tones of the 
record would fall, as it were, below the threshold of audibility and be- 
come silent, before the higher pitches. The answer to this objection is 
that the degree of reduction was determined, not by the threshold of 
audibility, but by the threshold of articu lability, which is higher than 
the former. Hent c the sound which first became inarticulate determined 
the particular limit of the rcduc tion. 

The silences arc indicated by dashes ( — ). The numeral below the 
dash indicates the duration of the silence in units of contacts; numerals 
above the syllables indicate the duration of the syllable to which they 
pertain. The unit of measurement in all the records is one contact, 
the value of which is 3^, .^V, 4^0 ^^ \s ^^ ^ second, according as the 
recording speed was So, 92, 100 or 120 revolutions per minute. 

2. Rfcon/s. 

Subjfct, /\. R. P. (Palmer, 1901. ) 
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o 15 o 15 o II o 25 
3525234 9 
My bed — is — like — a — little — boat ; — 
4243 5 15 

0150 180 14019 o 48 
5 5 86396 II 

Nurse — puts — me in — and I em — bark ; — 

854 3 33 

o 22 o 23 o 19 o 29 

2 7666848 

She — girds— me — in — my — ^sail — ors — coat — 
? 6346 25 17 

o . 21 ,3 14 o 
And — starts — me — in — the — dark. 
? ? ? ? ? 

(Robert L. Stevenson.) 
Unit of measurement, ^-^ of a second. 

Explanation and characterization of record, — The subject, an admirer 
of poetry, was told to declaim so as to make the record express his 
highest conception of good poetical declamation. No insight was given 
into the nature of the problem to be investigated. The stanza was re- 
cited from memory. 

To the ear the record possesses the qualifications of good verse ; the 
rhythm is markedly smooth, the modulation pleasing, and the centroids 
are emphasized with due discrimination. 

Subject^ W. C. (Churchill, graduate student.) 

o 20 o 28 o 9 o 17 o 23 
544946115 
()h — yet — we — trust — that — some — how — good — 
24776359 

> > 19 O 18 O 21 O 40 

6 4 364 13 3 14 
Will — be — the — fi — nal — goal — of — ill, — 
33627 23 18 

(-• 23 27 o 24 o 45 

3 7 368 7 4 12 

To — pangs — of — nature, — sins — of — will, — 
275 13 8 4 24 

o 23 o 46 . 22 o 

4 7 4 12 3 8 3 10 
l)e — fects — of — doubt, — and — taints — of — blood. 

275 26 6 93 

(Tennyson.) 
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Unit of measurement, 1/40 of a second. 

Explanation and characterization of record. The subject was given a 
printed copy of the stanza, and, after a reading, was asked to read it into 
the phonograph as poetry. The record sounds much like the previous, 
save that the rhythm is not so regular. No peculiarity is manifest 
in the relation of the elements of the centroid. The delivery sounds 
natural ; the rate was rather fast. 

Subject y J. M. T. (Telleen, graduate student.) 

7 4 13 6 14 5 10 8 

Take — the — joys — ^and — bear — the — sorrows. 

4 3 16 7 5 3 

3 7 II 6 6 4 

Shut — those — eyes, — next — life — will — 

5 6 14 6 6 ? 

7 5 II 12 7 8 

open , — stop — those — ears, — next — li fe — 
? 7 4 33 7 6 

5 7 6 8 85 

will — teach — hearing* s — office. 

5 13 5 

(Browning.) 

Unit of measurement, 1/48 of a second. 

Explanation and characterization of record. The same method of tak- 
ing the record was used as in the W. C record. These two sentences 
are selected Iroin the i om})]ete stanza, the first because of its regularity 
of structure, the second because of its consecutive centroids. 

The rhythm sounds less regular than in the previous record. The syl- 
lables are distint:t]y uttered ; the centroids receive a good share of duration 
emphasis. The movement is rather slower than the subject's ordinary 
speed of talking. 

Subject, K. H. T. (Tuttle, 1901, student of phonetics. ) 

Pet feet scansion. 

(a) IVithont re^ulatii'e concomitant. 

o 24 31 20 o 33 

4 5 6 12 6 10 3 II 

And — so — no — force, — how — ev — er — great, — 
? 4 6 17 ? 3 3 II 

o 20 o 28 v> 22 o 27 

3 9 2 13 4 14 3 8 

Can strain — a — cord, — how — ev — er — fine, — 

54 II ? I 4 10 
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0150 180 21 034 
2738 68 5 22 
In to — a — ho — ^rizon — tal — line, — 
244 62 5 

o 22 o 21 o 24 o 

3 746374 II 
That — shall — be — ab — so — lute — \y — straight. 

? 738356 

{tf) IVith regulative concomitant. 

o 23 o 25 o 23 o 28 

? 8 4 10 6 10 5 8 

And so — no — force, — how — ev — er great, — 

5 5 7 ? 7 12 

o 23 o 24 o 24 23 

4 II 4 II 4 8 3 13 
Can strain — a cord, — how ev — er — fine, — 

6 7 479 

o 21 o 24 c 23 o 25 
2 5 5 12 5 9 II ? 
I n — to — a — ho — ^r i — zon — tal line, — 

? 5 5 4 3 3 10 

o 22 o 22 o 24 O 1 

That shall — be ab — so — lute — ly — straight. 
? ? ? ? ? 

Unit of measurement, i /48 of a second. 

Explanation and characterization of records. The subject was informed 
that the distinctive purpose of the experiment was to determine how ac- 
curately the intervals between the emphatic syllables could be coordinated. 
He was told to scan the selection with the utmost regularity, first, without 
and, second, with the aid of the finger beating time upon the table. The 
delivery was rather slow. A second purpose was to determine the rela- 
tion which long and short syllables would assume. Of the latter purpose, 
no intimations were given. 

To the ear, the first specimen sounds like an excellent example of rou- 
tine scansion ; the second sounds still more artificial and mechanical. 

The two records differ not so much in the relation of the component 
syllables and silences as in the regularity of the intervals ; hence only the 
measurements of the syllables and silences of the former, which is free 
from mechanical regulation, are given in the table of results. 
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Subject y W. L. P. (Phelps, Prof. English Literature.) 

o o o 

3 7 lo 8 9 8413 

But — one — mor — ning — the — min — i — ster, — 

3 4 ? 6 ? 4 II 

6378 79 

in — the— chapel, — ^gave— out — 

5 ? 34 3 5 

rj o o o 

6 21 10 7 8 3 ? 

the — hymn — num — ber — nine — ty — nine 
3 35 ? 5 6 2 

Unit of measurement, 1/48 of a second. 

Explanation and characterization of record. The sentence is taken 
from the body of a prose record. The phrase rhythm is fairly-well pre- 
served ; the accents are normal, only one extra-long centroid occurring 
in the sentence. The rendition is distinct and emphatic. 

( Swedish poetry, ) 

Subject, (). S. f Sand<|uist, age 13. ) 

16 22 19 25 

5 10 4 8 3 'Jf 5 5 

A( k, — HcfR' — Jos — us — hor — min — rost, — 

4 ? 4 5 3 5 9 



5 


3 




iS 




'7 


•» 


mm 


-> 


.'J 


/ 


• 



17 I« 17 32 

5 9 4 «^ 3 7 ? 9 

(i()r — (li^ — iMl — tcni — j »<."!- -i — mitl — !)r6st, — 

3 3^ 4 22 4 17 

iS rS iS . 19 

3 7 ^> 9 5 9 5 'o 

r — ti — mitt — hjar — la — l)lif--oih — !)0, — 

2 J ^ 22? 39 

18 22 15 42 

Sa bar ja*; tr(')st 0( h t'sij^ ro. 

Init of measurement, 1 32 of a seroiui. 

Explanation and characicrization of tiie record. The subject was 
chosen from a number of speakers who aj)peared on a children's pro- 
f^ram, because of the monotone fashion of speaking. The verses were 
recited from memory. They are end st()i)j>ed, with three sectional punc- 
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tuation marks. The sounds and silences could not be accurately measured 
in the last line. There was a general tendency to let the voice fall in 
pilch and weaken toward the close. 

To the ear the stanza has a rhythmic swing characteristic of the jog- 
trot method of declaiming of many children. The degree of emphasis is 
moderate, considered especially duration -wise. 

(^Persian poetry. ) 
Subject^ K. H. K. (Kazanjian, graduate student, philosophy.) 

ts 30 ^^, 23 • 15 A 69 

115 6 7 9 5 7 14 9 7 8 
Ahi min — el — askh — i — ve — ha — la — ti — hi — 
55 6?4i6?25 

% 16 o 31 o, 21% 74 

8 7 310 4 77 12 655 
Y}\ — ^rak — i — kal — bi — be — hera — ^re — ti — hi — 
4 2546? 742 32 

®8 31 S 220, 21^, 71 

II 8 6 8 10 5 7 7 II 6 9 
Mo — naz — er — el — ayn — e — i — le — ghayri — kum — 
443424 5 5 22 

0s 32 o, 29 o 20 o 
6 6 4 7 II 7 5 14 845 

Euk — ^sum — i — bil — la — hi — ve — I — yatihi. 
7 34632 ? 

Unit of measurement, ^ of a second. 

Explanation and characterization of record. The primary object in 
studying the record was to determine whether or not the accent in Per- 
sian poetry is entirely lacking, as alleged, or, if present, what is its 
essence ; and the character of the rhythm. The reciter, a native of Persia, 
was told to exercise care lest the rendition might be affected by our occi- 
dental mode of utterance. The verses were recited from memory. 

The movement is fairly rhythmical ; the melody strikes the ear as 
weird and unfamiliar. On careful listening the centroids were evident to 
the ear. 

3. Sounds. — a. Historical sumtnary. — Two chief views have been ad- 
vanced as to the temporal values of emphatic and unemphatic syllables. 
According to the one, the relation sustained is that of equality. There 
is no necessary bond l)etween emphasis and duration. As a matter of 
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contingency or as dependent upon the difficulty of the physiological proc- 
ess of articulation, either syllable may arrogate to itself supremacy of 
time value. 

The second theory, which has been held in three forms, posits a rela- 
tion of long and short between the emphatic and unemphatic syllables. 
According to the first form the relation is indefinite and variable. In 
this form the theory is held by Gurney,* Goou), Brown, Lotze,' Bol- 
ton * and a host of others. For the most part, the relation, while fairly 
constant, is held to be inexact. Lanier' may be taken as a representa- 
tive of the second form, which maintains that the syllables of speech 
sustain a proportion of aliquot parts to one another. The proportion is 
always a simple one, such as i, 2, 3, 4, 5, etc., and never fractional. 
According to the third form,* the ratio sustained is precisely as 1:2. The 
theory is generally applied to classic verse, which theoretically admits 
but two time values, long and short, as obtaining among its sounds.^ 

b. The measurement of emphatic and unemphatic syllables, — The rel- 
ative amount of time-occupancy of weak and strong syllables is shown 
in Tables V. and VI. 

Table V. 



Duration of emphatic syllables. 



Subjfi t. 



A. K. P. 


2.17 


\V. c. 


3-50 


J. M. T. 


3.0S 


K. II. r. 


3- 27 


\V. 1.. \\ 


2.20 


C». S. 


3.06 


K. H. K. 


2.05 


Av. 


2.89 



a 

0.16 
0.20 
0.17 
0.20 
0.20 
0.25 
0.18 

o. 10 



003 
0.05 
0.04 
0.05 
0.05 
0.03 
0.03 

0.04 



/ 
a 

0.18 
0.25 
0.23 
0.25 
0.25 
0.12 
0.16 

0.20 



n 

13 

17 

18 

16 
II 
12 
16 

147 



Unit of incasurcmeiU, I". </, total duration ; a^ average duration ; /, immediate 

pr(»l>al»lc error : , relative immediate probable error ; n, number. 

ti 



' (iiRNKY, The Tower of Sound, 443, London 1880. 
^Hoitmn, Rhythm^ Am. Jour, rsvcb.. 1S93 VI 34. 
•LaniI'R, The Science of Enj:[li.sb Verse, 73, New Vork 18S0. 

* r<)K, The Rationale t)f Verse, Work^, VI 60, Chicago 1 895. Elsewhere he main- 
tain.s a contradictor^' position, 52. 

•^Laniir, The Science of Knglish Verse, 1 13 New Vork, 1880. 
Kl.l.is, The (^)uantitative Pronunciation of l.atin, 8-20, London 1874. 
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Table VI. 
Duration of unemphatic syllables. 



Subject. 


d 


a 


/ 


a 


n 


A. R. P. 


1. 15 


O.IO 


0.03 


0.30 


11 


W. C. 


1.52 


O.IO 


0.03 


0.30 


15 


J. M. T. 


0.93 


0.1 1 


0.02 


0.18 


8 


E. H. T. 


1.27 


0.08 


0.02 


0.25 


16 


W. L. P. 


I 31 


o»3 


0.04 


0.30 


10 


0. S. 


1.56 


0.12 


0.02 


0.16 


12 


K. H. K. 


3.85 


0.13 


0.02 


0.15 


28 



Av. 1.65 O.I I 0.025 0.23 15.7 

Unit of measurement, \*\ d^ total duration ; a^ average duration ; /, immediate prob- 

p 
able error ; — , relative immediate probable error ; n^ number. 

(fl) Obsen^ations and conclusions. — The tables of measurements point 
towards the following conclusions. 

1. The absolute duration of any syllable is variable. The records re- 
veal that the length of a given long or short syllable is never absolutely 
fixed : the precise length is different for every time it is spoken. . 

2. The average emphatic syllable is invariably longer than the average / 
unemphatic syllable. The average of the former for all the records occu- 
pies 0.08 sec. more time than the average of the latter. The ratio is as 
1.7: I ; hence the average long syllable is almost one and three-fourths 
times as long as the average short syllable. 

3. The ratio sustained between the average unemphatic and emphatic 
syllable varies with different subjects. The following are the ratios for 
each of the records, given in the order of the tables: i : 1.6; 1:2; 
I : 1.5 ; I : 2.5 ; i : 1.5 ; i : 2.08 and i : 1.38. With the exception of 
one record, all the average emphatic syllables are at least half again as 
long as the average unemphatic. The exception is the Persian ; probably 
the element of duration is a property less prominent in the centroids of 
Persian poetry. 

The highest ratio is furnished by the routine scansion record. Here 
the centroid syllable is two and a half times longer than the non-centroidal 
syllable. Scanned poetry thus appears to furnish the instance where the 
difference between the length of emphatic and unemphatic syllables is at 
its greatest. This suggests a conclusion with reference to the method in 
which classical Roman and Greek poetry was scanned. 

The ratio in the prose record ( W. L. P. ) is slightly less than the aver- 
age. Whether this is a valid distinction, as affecting prose and poetry, 
cannot, however, be maintained on the basis of this one record. 
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4. The ratios existing between individual emphatic or unemphatic 
syllables of the same or of different records, are neither invariable, nor arc 
they ratios of simple proportion.* The possible relations, as may be seen 
by a glance at the records, and by an examination of the/ column (the 
column of irregularity) are practically unlimited. Not infrequently the 
ratio is reversed, so that sporadic unemphatic syllables may be longer 
than the average of the emphatic syllables. 

These facts incontestably refute the theory of "simple proportion.*' 
As an illustration, notice the following time relations in the consecutive 
syllal)]es of the first line of the specimen of routine scansion, which, 
rhythmically considered, furnishes a type of poetr}' at its best : 0.083, 
0.104, 0.125, ^-^S^y 0.250, 0.208, 0.062 and 0.229. 

5. The long and short syllables are about equal in regularity. As 
resi)ects the comparative amount of absolute irregularity, the average 
long syllable is one and six-tenths times more irregular than the short. 
The average amount of irregularity for each long syllable is -f}^-^* ; for 
each short syllable, .ji^'. In proportion to the length of the span, 
however, the short syllable exceeds the long in the amount of irregularity 
by a trifle, namely, ^^o'- 

6. The ratio between the number of emphatic and unemphatic sylla- 
bles (exclusive of the Persian record) is as 1.2 : i, which is smaller than 
the ratio between the total duration of the same. In none of the records 
arc there less cm])hatic than unemphatic syllables, except in the Persian, 
where the nunieri(al ratio is i : 1.75, and the duration ratio (the relative 
tinie-occupan( y of all the emphatic and unemphatic syllables) as 1.33 : i. 
The uneinj)hati( syllables occur, as might be expected from the non- 
a( ( entual theory of Persian poetry, one and three-fourths times as often 
as the emphatic. In Mnglish, however, the converse often occurs, as may 
be seen in the J. M. T. reiord. On the whole, the ratios between the 
duration and the number of long and short syllables do not coincide. 
The ratio between the latter may be equal : the ratio between the former 
is never that of equality for the total average duration of any record. 

( /> ) I^carini:; on the ijuantitativc theory. — The most general deduction 
to be made from this series of measurements is the disparity in the time- 
si)an of so (ailed short and long .syllables. It has been shown that the 
temporal distini tion is true to fact. 

All s})ee( h is (juantitative ; and the distinction, popularly and con- 
lidently posited, between (juantitative and non -quantitative verse, is 
grounded u])on fallacious a.ssum|)tions. The question of the quantitative 
( hara( ter of ])oetry or })rose, is clo.sed. The only crux of contention tha^ 

• ('I. Lanikr. I ho S(icncc of English Verse, 73, New York 18H0. 
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remains affects the character of the laws governing the temjx)ral relation 
of the components of language. The question contains several pha«e». 

The first determination has settled the fact that speech as a phenomenal "^ 
occurrence is conditioned on the time-intuition of sensibility. 

The second question has also been settled, namely that the strong ' 
syllable is temporally longer than the weak. 

The third question is partly closed. It has been shown that for Eng- 
lish, Swedish and Persian the ratio between the individual long and weak 
syllables is never constant. The general character of the ratio was, \w 
artistically free declamation of English poetry, in the proportion of i : 1.7 J 
I : 1.38 for Persian poetry ; i : 2.08 for Swedish poetry ; i : 1.5 for Eng 
lish prose ; and i : 2.5 for mechanical scansion. 

It has generally been supposed that the ratio in classical verse is a fixed 
one, in the proportion of i to 2. Supposing the theory true, what justi- 
fication is there for setting classical verse apart as sui generts ? 

Evidently the distinction between so-called quantitative and non-<iuantJ- 
tative poetry cannot be validated on the mere ground of proi>ortionahty, 
for our records have furnished examples of English and Swedish poetry 111 
which the proportion is, respectively, as i : 2, and as i : 2.00 , » 

an examination of modern verse furnishes no support for the ^'^^^^^ ' 
the basis of the amount of proportion (since it duplicates what tmr 
assumes as unique), the remaining alternative is to i>ostuiauJ 
ecjuality between each and every strong syllable and each ana ^^ , 
syllable ; that is to say, to suppose that the Roman and <^r«* 
capable of exactly coordinating every individual emphatic ana ^^ 
syllable so that, relative to one another, they should suutaitt ^t^f^ 
tion of I : 2, and, regarded apart by themselves, a proi>ortiO© *>**™|^ 
as 2 : 2 in the former, and i : i in the latter case. That 9ucn |*p|<»uji^ 

cannot be effected by the modern ear is indisputable. Kveii ^ ^ 

the strictest metronome scansion, the average inecjuality **^ ' 



weak, and 0.05' for every strong syllable. When the 

incapable of preserving the strict temporal equality of • ^ 

mechanical scansion, the quantitative theory as limitco U P ^ ^^ 

may, in regard both to extent and invariability of p«V^^^^' 
sidered exploded. 

A third supposition is still possible, namely, that 
Latin verse, not improbably, was unicjue in the m 
utterance.' According to Svmonds,' the poetry 




'Ellis, The Quantitative Pronunciation of I^tin, 20, 
■Symonds, Sketches and Studies in Southern Europe, II 
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chanted ; hence the tempo would have been an adagio, supposiz^ oun to 
be allegro. This would naturally intensify the appreciation of the dis- 
parity in the durations of the two syllables, since more time would be 
afforded to the ear to listen to each syllable, and the quantity of sensation 
would be .augmented. Hence the illusion would arise that the difference 
between classic and modem scansion of poetry lay in the relation of the 
weak and strong syllables, in respect of exact regularity and propoftion, 
instead of in the relatively greater amount of time occupied by the syllables 
in classical scansion as compared with the non-daasical, or reading, scan- 
sion of modem poetry. 

The psychological explanation here advanced of the distincti<m between 
quantitative and non -quantitative poetry, as arising from a natural audi- 
tory illusion, seems quite compatible with the general psychological theory 
of illusions occurring in normal life. 

(r) Theoretical, — How can we best account for the differences of du- 
ration existing between syllables ? 

I'he most prevalent theory may be called the physiological theory, 
which resolves the question into &cility or difficulty of enunciation — ^into 
" lingual evolution." Long syllables are those that are encumbered by 
consonants/ or those that contain long vowels'; and short syllables are 
those unencumbered by consonants, or those containing short vowels. 
Hence the conclusion that there is no quantity ' in English. 

This theory undoubtedly explains a large percentage of cases. Some 
syllables, by reason of the vowels and consonants composing them, re- 
quire a labored adjustment of the vocal apparatus, and hence a retarded 
utterance. 

On the other hand, as was proved by the experiments of KrAl and 
Mar^s,* the addition of consonants does not proportionately or regularly 
lengthen the syllable ; it often shortens it. Moreover, the theory applies 
equally well to both weak and strong syllables, and is hopelessly inade- 
quate to explain the large array of instances where syllables are normally or 
regularly long, although easy of articulation. It fails to render a satis- 
factory account of the fact that the average emphatic syllable is invariably 
longer than the unemphalic. Only the psychological theory can satisfac- 
torily account for this circumstance. 



» PoE, The Rationale of Verse, Works, VI 59, Cliicago 1895. 
'Guest, A History of English Rhythms, 103, London 1882. 
• Guest, as before, v. 

« KrAl a Mares, Tndni hlasek a siabik die objektivnk miry^ Listy Filologicki, 1893 
IV 17. 
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According to Gurney * the long syllable occupies more time than the 
short, because the amount of effort required for its pronunciation is greater 
than that required for the short syllable. Another theory, partly physio- 
logical, partly psychological, attributes the prolongation to the fact that 
when a special intensification is made it is accompanied by a retardation 
of the action of the voice apparatus. It requires a longer period to over- 
come the contraction ; hence the sound is prolonged. Against this sup- 
position it may be urged that the time required to effect the contraction 
is proportionately shorter ; hence a neutrality of effect. 

The most fruitful theory, we believe, is the centroid theory advanced 
above. The centroid is a mental center of force, of which duration is an 
inseparable element. It is constituted a centroid by reason of the promi- 
nence, proportionate or unproportionate, which is given by the speaker to 
its properties. It is as natural to intensify the duration factor, as the pitch 
and loudness factors. 

4. Silences, — ^a. Explanation. By silences is here meant those gaps 
which in listening to a slowly revolving phonograph cylinder, are per- 
ceived to exist between the successive syllables of phrase groups. The 
gaps between phrase groups, or expiration intervals, may be called, in 
contradistinction to the former, vacant intervals or pauses. It is only the 
former with which we are now concerned. 

The popular idea, says Sweet,' that we make a gap between every syl- 
lable is erroneous ; the only phonetic divisions justifiable in speech are 
** those into sounds and syllables and intervening glides.** It is patent,, 
however, that the speech organs must consume a fraction of time in the 
transition from one sound to another, which will be long or short accord- 
ing to the inherent difficulty of the transition, and the amount of energy ex- 
pended. A series of such transitions denotes, physiologically, a number 
of points at which the energy utilized by the organs of speech (diaphragm-, 
lungs, larynx) may be considered to be at its lowest ebb ; and, physically, 
points at which the vibrations of the air are diminished in amplitude andi 
frequency. When the diminution reaches a certain point the transitions: 
become, psychologically, gaps or silences. The perception of these, how- 
ever, is a distinct problem. According as the mind is intensely absorbed 
in the thought element of the utterance, the gaps fail to rise above the 
threshold of consciousness, and hence it is natural to suppose that an ex- 
piration group of syllables is psychologically a continuum. The illuskMi 
is exposed when attention is directed to the purely structural aspect of 



* Gurney, The Power of Sound, 429, London 1880. 
•Sweet, Primer of Phonetics, 42, Oxford 1890. 
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others, the ''foot,'" "measure/'*or "bar"; and others,* the 
whereby a fixed number of stresses at fixed points is maiked out fir the 
verse, whence we derive the terms dimeter, trimeter, tetrameter, penta- 
meter and hexameter. According to P6E,* meter has to do with the nna- 
ber of feet, rhythm with the character of feet (the ammgement of sylla- 
bles). Finally, meter has been made synonymous with the line* orvene 
group, whence our ** long " and ** short " meter. Tliis is the only kind 
of meter, or rhythm, recognized by 'Japanese and Persian prosody, the 
poetry of both of these languages having, thecvetically, no accent 

Guest* provides, perhaps, the most comprehensive definition of the 
term. He makes it inclusive of three fiurtors, according to the fiillowing 
scheme : 



[ I. Elements — syllables, verses, staves. 

\ 2. 



Meter i 2. Accidents — quantity, accent, modification of sound. 
[ 3. Law of succession. 

Into a discussion of the propriety of these several views it is not our 
present pur|X)se to enter. In so far as meter is synonymous with the verse 
and foot intervals, the two orders of meter will receive due consideration 
in the appropriate place. 

I'he word verse is subject to a similar ambiguity. In prosody it b em- 
ployed in three different senses : (i) A number of feet, or succession of 
words, constituting a metrical line. (2) A group of lines thus com- 
posed. (3) Metrical composition, as distinguished from prose. 

The words foot, bar and measure are the popular words used to signify 
the inter\als bounded by accented syllables. 

The foot, in poetry, is generally defined as a succession of long and 
short or accented and unaccented syllables ; the measure, as meter, or a 
rhythmical perioii ; and the bar is a variant of the two. Thi first is ex- 
chisively applied to poetry ; the second and third are also applied to 
nuisic. In poetr)' they are generally employed as synonymous terms. 

To designate the inter>als of vacancy in speech the terms pause, rest, 
stop and silence are indifferently employed. The term rest finds fevor in 
musical terminology ; the word stop is synonymous sometimes i%ith the 
punctuation mark and sometimes with the making of a change in pitch. 



* Mayor, Chapters on English Metre, 5 fT., London 1886. 

> .-Vrnold, a Manual of English Literature, appendix, Hostoo 189 1. 

*GURNKY, The Power of Sound, 425, I^nd. 1880; CoRSON, AaNOLD, «s before. 

«P0K, The Rationale of Verse, Works, VI 56. Chicsgo 1895. 

• I-ANIER, The Science of English Verse, 234. New York l88a 
^GcEST, A Histon- of English Rhythms, Loodoa 1882. 
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The sound sequence enclosed within two pauses may perhaps be termed 
a phrase. 

What is the common characteristic of these various groups of facts — the 
verse, foot, pause and phrase sequences ? Obviously, they all agree as par- 
taking of the same temporal and spatial characteristics. They are phe- 
nomena of duration. The term interval may be used as a general word to 
denote any of these sequences. A verse interval is thus a sequence con- 
sisting of a line of poetry. 

An mterval extends between the opening and closing point of a given 
sequence. Spatially, it is the distance between the first printed object and 
the last printed object of the sequence. To illustrate : a verse interval is 
the distance upon the printed page from the first syllable to, and inclu- 
sive of, the last syllable of the line. Temporally, it is the time which is 
consumed in speech in passing from the first to the last sound of the 
seciuence. 

In the collection of records to follow, the explanation of the centroid 
symbols is the same as on p. 15. 

The words enclosed in ( ) are inaudible on the phonograph record ; 
those in [ ] were supplied by the subject. 

The duration of the interval between any two centroids is indicated by 
the numeral which is placed midway between them. The measurements 
of the line and expiration groups are given only in the tables. Pauses 
marked ? are too indefinite for accurate measurement. 

In the tables, **The immediate probable error** / is determined ac- 
cording to the formula : 



p = \ V" + ^.' + - + ^'■.' 

\ n — I 



where z/,, ?^,, •••, v^ represent the differences that exist 1)etween each 
measurement and the average of all the measurements. The immediate 
probable error furnishes an expression for the amount of irregularity or 
inequality existing between the components of a series of measurements 
and the average of the series. 

The "relative immediate probable error** furnishes an expression 

of the immediate probable error as a fraction of the average. It will be 
larger or smaller than the former according as the average is smaller or 
larger than the unit of measurement. The degree of regularity is ex- 
pressed by this (juantity. 

Both the p and are measures of irregularity on the part of the subject. 

They are mental quantities. The inaccuracy of the average may be indi- 
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cated by dividing/ by \/n. This gives the *' final probable error." It 
gives the limits within which the average of a similar set of measurements 
may be expected to vary with a probability of one-half. 

The duration of the average interval may be represented to the im- 
magination as a line of a definite length, e. g, = iV Every com- 
ponent of the given series of intervals will be either exactly equal to 
this line in length, /. e. i', or will deviate from it in one of two di- 
rections — (a) plus {e. g. 1.50') or (b) minus (^. g. o.5o*). 

The e column gives for each record the lengths of the intervals which 
deviate the farthest from the average. Thus we get two kinds of ex- 
tremes, — and -f . The former represents the shortest component of the 
series, the latter the longest. 

The c column gives the character of the difference of the greater of the 
two extremes from the average. To illustrate graphically : 

+ = 2.' 

Av. ^ I.* 

=» 0.50' 

The middle line is the length of the average ; the line above is the 
longest, and the line below the shortest, single interval in the series. The 
differences between the average and the -f line is i' ; the difference be- 
tween the average and the — line is 0.50". Hence the character of the 
greater extreme is -f . 

The cipher indicates that the extremes are equal. 

The following records are explained and characterized upon the basis of 
the impression made upon the ear. They are classified, according to the 
style of delivery, into four types of poetical scansion. 

The rhythmically free declamation of poetry, or reading scansion, cor- 
responds to the rhythmically free reading of prose. The one is the 
basal type of poetical s})eech ; the other, of prose speech. The former 
admits of several distinct varieties, the latter of two or three less distinct 
varieties. 

/?. Records. 
First specimen^ J. W. R. (James Whitcomb Riley, poet, lecturer.) 

41 •, 29 G 30 
They ain't no style about *em, — 

9 
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31 o 30 §, 45 •, 67 
And they're sort o*pale and faded ; — 

45 

o 31 •> 42 o 25 o 28 
11 10 

Yit the doorway here, without *em, — 

10 

o 29 §, 87 o, 22 

Would be lonesomer, — and shaded 

41 

o 19 o 32 g, 30 |, 22 
With a good'eal blacker shadder 

o 23 • 28 g, 28^ 50 

■ r 

Than the momin* -glories makes, — 

41 

o 31 •, 45 o 37 g, 40 

10 10 19 

And the sunshine would look sadder 

o 39 ®f 3^ 34 o 
For their good old-fashion sakes. — 

67 

o, 43 o 37 o, 28 
I like *em 'cause they kind o* 

o 23 o, 26 o 20 o 75 
Sort o* make a feller like 'em ; — 

41 

g, 20 §, 16 ^ 20 o 22 o 34 

13 • II 

And I tell you, when I find a 



o, 42 o 30 o, 39 o 70 
Bunch out whur the sun kin strike *em, — 

41 

g, 37 o 40 o, 23 
10 

It alius sets me thinkin' 

o? 19 % 44 •, 44 o 43 

()' the ones 'at used to grow. 



C, 21 ©, 23 O 31 O 22 

And peak in thro' the chinkin 



:_ » 
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o 23 o, 25 o, 25 o 
O* the cabin, — don't you know. — 

? 65 

0, 36 o 26 ,|, 64 
And then I think o* mother, — 

40 



A 18 I, 2o» 28 o 53 
I* 

And how she used to love 'em, — 

33 

O 24 ^, 42 A 53 

When there wuzn*t any other, — 

40 



o ? 



37 o, 27 o 24 A 78 
'Less she found 'em up above (em) ! — 

53 

o 40 •, 43 o 35 o, 58 

And her eyes, afore she shut 'em, — 

44 



^ 30 ^ 33 •, 46 o 22 

Whispered with a smile, (and) said — 

8 

34 26 V, 55 .:, 19 

Wc must pick a bunch — and put 'em 

24 

27 ^ 74 32 : 

In her hand — when she was dead. — 
37 69 

20 ) 24 i, II 56 

III 

Hut, as I was a saying, — 

12 

44 •, 32 : 34 
i'hev ain't — no stvle about 'em — 

8 19 



• 29 •., 55« 30 , 73 

* 2 6 17 

Very gaudy or displayin', — 

53 
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§ 34 0, 20 o 270 60 
Yet I wouldn't be without 'em, — 

40 

o 44 0, ZZ ^ 44 0, 54 
'Cause I'm happier in these posies, — 

28 

0,220 52 o 48 

(And the) hollyhawks — and sich, — 

15 39 

o 25 o 21 o 38 g, 36 
Than the hummin' bird, — 'at noses 

O 26 •, 49 V 

In the roses of the rich. 

(Old Fashioned Roses, Hoosier Dialect, J. W. Riley.) 

Unit of measurement, ^ of a second. 

The poem was recited from memory. No suggestions were offered. 

The style abounds in the pathetic and the grave. The movement is 
rather slow, with occasional diminuendos and crescendos and retarded 
and quickened pace. The melody and swing are peculiarly Rileyan. 
The rhythm is not continuous. The total effect upon the ear is pleasing. 

The verses are largely end -stopped. Numerous sectional punctuation 
marks occur. Five stanzas were measured in order to obtain ample 
material for a study of the regularity of the verse intervals. 

Second specimen^ E. W. S. (Scripture.) 

© 17 o 21 ©, 31 
The cities are full of pride, — 

20 

0, 24 o 20 o 35 
Challenging each to each — 

29 

0, 28 o 23 o 27 

This fVom her mountain side, — 

16 

0, 20 0, 19 o 

That from her burthened beach. 
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o, 21 o 29 ©, 34 
They count their ships full tale— 

O 24 O 25 0, 36 

Their com and oil and wine, — 

o 25 o 20 o 40 

Derrick and loom and bale, — 

o 26 o 27 o 42 
And ramparts gun-flecked line, — 

o 21 o 23 o 32 
City by city they hail : — 

18 

©, 19 o 23 A 
Hast aught to match with mine ? 

o 13 %^ 21 o 27 
And the men that breed from them — 

12 

G15 c 18 c, 41 
They traffic up and down, — 

S 24 ,f;i8 030 

Hut cling to their cities hem — 

12 

^ 23 c 17 o, 

As a child to the mother's gown. 

25 ?, 21 041 
When they talk with the strange bands, — 

29 

? 27 -20 42 

IWed and newlv alone ; — 

24 

25 o 22 o 43 

When they walk in the stranger lands, — 

30 
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0, 22 o 23 o 33 
By roaring streets unknown ; — 

24 

0, 26 o 26 o 39 
Blessing her where she stands — 

20 

o, 19 o 19 o 
For strength above their own. 

A, 17 o 24 o 28 
On high to hold her fame — 

9 

§, 30 o 21 o 39 

That stands all fame beyond, — 

26 

o 19 o 27 o 40 
By oath to back the same, — 

24 

o, 26 o 19 o 54 
Most faithful -foolish -fond ; — 

42 

A 26 ^, 26 o 24 

Making her mere breathed name 

o 19 o 20 o 
Their bon^d upon their bond. 



© 

As 



19 o 29 ©, 26 
So thank I God — my birth — 

8 7 

o 17 A, 27 o 32 
Fell not in aisles aside — 

24 

o 12 o 15 16 ©, 31 
Waste headlands of the earth, — 

o, 210 29 o 30 
Or warring tribes untried — 

16 



4^ J. E. IValliUf IVMl&m^ 



?, 15 ', 20 ;, 28 
hut that she lent me 1 



AnrJ gave me right to pride. 

Surely in toil or fray — 

15 






s 



I 



9 ', 25 '^, 35 
L'nder an alien sky, — 

24 

;:, 18 o 19 ^, 24 

(,'omfort it is to say : — 

II 
,^ 24 o 22 
Of no mean city am I. 

(Dedication to the City of Bombay, Kipling.) 

Unit of measurement, ^g of a second. 

The first two stanzas were declaimed from memory ; the others were 
read from the book. The verses are end-stopped. No sectional punc- 

tiialion marks occur. 

The record is typical of the subject, especially as regards emphasis, 
distiiKlncss of articulation and rapidity of utterance. The point which 
most impresses the car is the preservation of the rhythmic flow, both ir 
respec t ot" the recurrence of the centroids and the equality of the versL 
intervals. The la.st stan/a has a j)eculiar jog-trot swing ; it will be used in 
the stuily of sing song rhythm. The rhythm of the other stanzas is, in 
places, so pronounced that the record could have l>een sul>sumed imder 
the head of doggerel scansion. The thirty-five lines furnish ample ma- 
terial lor .stud\ing the verse interval rhythm. 

/>/;>./ .0/-.////rv/, A. 1). H. (Hissell. musical composer, graduate 

student. "> 

(A.) 

(.Her the chimney — the night- wind sang — 

7 »5 

, ^^ 22 .13:13 = :: 

.•\nd chanted a melody — no one knew : — 

6 50 



Researches on the rhythm of speech, 47 

^, 22 %^ 32 o 15 o 27 o 38 
And the woman stopped, — as her babe she tossed, — 

23 20 

o 18 o 38 •, 55 • 60 

And thought of the one she had long since — lost, — 

18 38 

o, 65 o, 34 e, 29 o 81 

And said, — as her tear-drops — back she forced, — 
38 8 55 

0, 34 c, 40 o 

** I hate — the wind — in the chimney.** 

13 15 

(What the Chimney Sang, Bret Harte. ) 

(B.) 

o 25 o, 30 e, 30 o, 27 o 40 
Though the mills of God — grind — slowly, — 

17 18 22 

Or 22 o, 39 I, 33 o 71 

Yet they grind exceeding — small ; — 

? 56 

o 28 %^ 41 o 29 42 

Though with {patience — He stands — waiting, — 

15 ? 27 

o 26 r/j 43 o 29 o 
With exactness — grinds He all. 

20 (Retribution, Longfellow.) 

Unit of measurement, ^^ of a second. 

The first stanza was recited from memory ; the second, from the book. 
'I'he subject was uninstructed. The verses are end-stopped, with sectional 
pauses. 

The record presents a variety of smooth and rugged movements. The 
swing in some phrases is almost pendulum like. The centroids are well 
emphasized. The subject was intent, apparently, on forcibly and artis- 
tically expressing the thoughts, rather than guarding against interruptions 
in the flow. The movement is rather slow. 
• Fourth specimen, W. W. (Wallin.) 



© 21 •, 44 •,23; 26 • 43 •, 19 (i 43 

10 14 ■ 13 

The sky is changed I — and such a change I — Oh night, — 

34 35 19 
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And stonn — and darkness, — ye are wondrous strong,— 
21 II 28 

•, 18 o 32 0,43 !t20jt 28 o 30 
Yet lovely in your strength, — as is the light 

33 
• 14 •, 24 o 45 o 20 o 32 

X\ IS 

Of a dark eye in woman ! — ^Far along, — 

35 13 

o 23 o 35 o 22 o 25 • 36 

From peak to peak, — ^the rattling crags among — 

18 25 



©8 ^7 o^^f.i 55 o 24 ,J,i4?i36o 30 
Leaps the live thunder! — Not from one lone cloud, — 

30 18 

O 16 §, 25 O 18 O 21 O 43 

10 

But every mountain now hath found a tongue, — 

23 

0, 16 o 35 o 20 o 20 • 43 

And Jura answers, — through her misty shroud, — 

14 3« 

o, 28 © 21 o 41 o 19 o 33 o 

Back to the joyous Alps, — who call — to her — aloud ! 

22 ? 22 

©J 17 o 14 80 •, 41 o, 54 

91 

And this is in the night : — Most glorious night ! — 

45 44 



10 



>,I2 ©, II Olio 22 © 5^01 14 O 

» 

Thou wert not sent for slumber 1 — let me be 

37 

18 •, 28 ©15 •, 36 •, 17 53 

14 19 

A sharer in thy fierce — and far delight, — 

10 40 

o, 30 e, 28 o 15 g, 51 

11 

A portion of the tempest — and of Thee ! — 

18 39 
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49 



0S 



How 



12 


0,130, 14 g, 48 


Ot 9©, " 35 


the 


lit lake shines, — a 


L phosphoric sea, — 

28 



And 



II 
the 







A, 14 • 14 o 13 5, 25 o? 10 o 52 
big rain comes dancing to the earth ! — 

. 38 

o. 35 o 27 o 67 30 •, 63 

SI 

And now — again — *tis black, — and now, — the glee — 
20 15 40 8 23 

19 • 71 •, 47 o 19 o 54 

IB IT 

Of the loud hills — shakes with its mountain mirth, — 

52 45 

O 18 O 15^,48? 20 12 A, 54 O 

As if they did rejoice — o'er a young earth-quakes — ^birth. 

33 23 

(Childe Harold, Byron.) 
Unit of measurement, ^^ of a second. 

The stanzas were chosen as typical examples of Byronic vigor. The 
record strikes the ear as aiming more at painting the scene than moving 
in measured strides. The rhythm is vague. Several glides occur. The 
centroids are emotional, rather than logical. The elements of pitch, in- 
tensity and duration are each quite conspicuous. The verses afford an in- 
teresting study of the sectional and end-line pauses ; several are run-on, 
with sectional pauses. Several of the larger punctiiation marks occur 
within the line. 



Fourth specimen y J. K. (Kawabe, 
graduate student, philosophy. ) 



o 16 o 19 
Kimiga yo wa — 
. ? 



36 



Fifth specimen y I. M. (Miyake, 
graduate student, psychology. ) 



08 n OI5.G, 



21 



Chiyo ni yachiyo ni — 

? 

0, " A 18 o, 13 
Sazare ishe no — 



01 25 o 20 
Iwao to narite 

o 8 o, 10 o 10 0, 
Koke no musu made. 

(National poem of Japan. ) 



45 



40 



48 



41 



09090 17 
Kimiga yo wa — 

? 

•, 22 010^, 28 

Chiyo ni yachiyo ni — 

? 



35 



51 



o II 



Sazare ishi 



16 



53 



n< 



39 



• 29 o 25 
Iwao to nari te — 

o 15 olio II i, 

Koke no musu made. 



41 



51 



52 



Unit of measurement, ^^ of a second. 
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The numerals following each verse indicate lengths of the lines. 

Both subjects are natives of Japan. The poem was recited (chanted) 
and declaimed, strictly following Japanese usage. The above are the 
records of declamation and not of song. 

The line meter strikes the ear as being perhaps more prominent* than 
the centroid or ''foot** meter. Theoretically, Japanese poetry is mm- 
accentual. The centroids, however, were easily located by the experi- 
menter, and the result was verified by the judgment of J. K. JapaneK 
admit emphasis, as distinguished from accent, but make the distribution 
wholly arbitrary. It will be seen, however, that both records correspond 
in regard to the location of the centroids, with the exception of one 
instance. 

The only meter which Japanese prosody recognizes is the line meter, 
the above consisting of an alternation of the five-syllable with the seven- 
syllable type. The five verses constitute one sentence. 

The following is a free English rendering of the poem : " May thy 
throne last forever, until the sands shall become rock and mosses shall 
grow thereon." 

Sixth specimen^ H. 0. (Ohmstedt, age 12). 

A, 20 ©, 30 %^ 21 © 38 
I stilla glans — ^han trader fram : — 

GS 20 C 30 %^ 19 © 48 

Af spridda far — och spada lam — 

II 28 

r^ 20 O 27 20 O 38 

Han sig en hjord — forsamla vill, — 

12 18 

^3 190 20 o, 200 55 
Den himmelriket — horer till. — 

? 33 

%^ 22 o 20 o, 20 o 37 
Och himmel skall forgds och jord, — 

(: J, 20 O 19 O, 20 O 42 

Men ej bans helga dyra ord, — 

22 

^, 22 021^ 21 o 

Hans namn af alia tungorsljud — 

20 
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39 o 21 ^ 20 o 20 o 
Skall kallas Fralsare och Gud. 

Unit of measurement, -^-^ of a second. 

The record was taken for the purpose of studying sing-song. The 
rhythm is very marked. 

The end-stopped verses predominate. No intra-line punctuation marks 
occur. 

Seventh specimen^ O. S. (Sandquist, age 13). 

o 20 o 22 o 19 o 26 
O. Jesu Krist — att nalkas dig — 

? II 

0160 19 o 39 

Och dig i tro tillbedja, — 

18 

021 o 21 o 20 o 26 o 26 o 
Det endast kan pi sorgens stig — ratt innerlig — 

10 

For first stanza and explanation see p. 28. 

This record furnishes an excellent specimen of the doggerel scansion sa 
common to children. 

Eighth specimen^ G. A. A. (Andreen, lecturer ; professor of Scandi- 
navian languages.) 

?f 16 o 16 %^ 27 % 14 0310 19 0, 

Washington was a statesman of the highest order, — never a wily 

18 

'9gi 15 on©, 42 o 16 %^ 20 A 20 ofipo 25 

scheming pol i tician. — When a cabal was formed — to remove him from 

32 ? 

® 16 %^ 16 o 47 ©,15 ©,140 16 ^ 20 
the command and elevate Gates, — in perfect equipoise of mmd asid 

27 

o 25 %^ 23 o 59 ^. 25 i> 16 o 5« 

temper, — he moved not a finger. — Neither was he a briOiailt dilKior. — ^ 

6 47 33 

o 10 o 28 o 13 o 20 ^, 15 o 40 t»t *5 

So that his excellence consisted not in show and glitter,— HbUeness 

f 
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§, 48 A 18 013A, 34 o so o 59 

of hourt, — solidity of understanding,— -and tenacity of puipoae. — No 

as 14 37 

%^ 16 o 25 o IS o 18 f 29 o, 18 ?, 35 o, 
wonder then — that every American feelt— «s if it were true, — that '<tue 
16 19 ai 

20 0130 32 St 9 O Z2 O 10 O 15 O 18 O 4Z .01 

him for all in all, — ^we shall not look upon his like again," — that none 

18 23 

25 Olio 150 340, 26 o 25 o 42 o, 31 

do we more love to honor, — ^none so impresses our souls,— -as he, — '' the 

23 23 IS 

0, 18 o 32 ©, 20 o 38 ©, 24 0, 23 o 
first in war, — the first in peace, — ^the first in the hearts of his countrymen." 
17 21 

Unit of measurement, ^ of a second. 

The address was read from the manuscript. The style was rhetorical ; 
the utterances rapid and forcible. The subject was asked to make the 
record a typical address to an audience. 

Tenth specimen^ W. L. P. (Phelps, lecturer; professor, Eng. Lit) 

A 12 o 18 0, 62 ^, 20 o 17 29 o, 34 

The class of ninety-nine— did not hold a very high reputation — as 

22 12 

O 70 O 38 O, 20» 27 ^, 80 • 37 ^,21 O 

scholars, — either for — study or for morals. — And it was notorious that 
23 13 70 

2ioi7f, 170 16 021 0, 93 0, lift 34 

they paid no attention to the Sunday services ; — ^but one morning, the 

56 

3, 41 o 14 0, 54 Oil o 24 •, 55 1,, 23 «, 20 f, 84 

Ift • s • 

minister, — in the chapel, — gave out the hymn — number ninety-nine ! — 
13 34 36 74 

o 20 ^, 16 • 55 o, 35 o 25 o 17 • 48 o 20 

And with one accord, — the students of the class of ninety-nine— opened 

32 34 

o 40 e, 19 ®f 77 o 16 o 17 S, 34 

the hymn book, — to find the place — and what was their amazement, on 

13 52 
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o 21 ^, 20 •, 65 o 20 •, 16* 70 g, 25 •, 45 

i« 11 11 

reading the first — line, — number ninety-nine ; — great — God ! — what 

? 49 53 10 16 

©, 43 ©t 40 o 

14 

worthless — worms are we ! 
15 

Unit of measurement, -^^ of a second. 

The words were spoken extemporaneously. The movement is, on the 
whole, slow; the articulation distinct; the style colloquial. The sen- 
tences were punctuated by the speaker. 

Eleventh specimen, C. O. S. (Scoville, clergyman, graduate student, 
philosophy. ) 



%^ 17 o, no 13 9 ^3 •« 20 A, 23 O 2» 

Almighty God, unto whom all hearts are open, — 

7 



•t 32 o, 25 • 34 ^ 28 o II 9 16 A 34 © 

to 1» • ^ 

all desires — known, — and from whom no — secrets are hid ; 

9 15 8 

44 A 25 o, 17' • 13 9 31 o^® Of 33 

— Cleanse the thoughts of our hearts — by the inspiration of 

39 « 

o 20 o 35 g 18 o, 26 o, 36 

thy Holy — Spirit, — that we may perfectly love — thee, — and 
14 27 ^ ^9 

o '5 o 32 %^ 14 o 16 o 45 o 34 9 

worthily magnify — thy holy Name; — through Christ — our Lord. 

II 25 i« 

•, 33 o 29 o 29 o 34 

iJord, — let me know mine end, and the number of my 
? 



o 20 o 21 olio 28 o 28 o 24 



o 58 •, 



f 



days: — that I may be certified how long I have to live. > 

23 o 26 o 27 o 30 o 22 o i^ • 5 

? 



23 o 20 o 27 o 30 o 22 ,s *^ »' .—and my 

— ^thou hast made my days as it were — a span-^lo'^S ' 



7 12 
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• 21 O 27 ^, 16 O 20 O 21 • 46 O 19 O 30 • 

age is even as nothing in respect of thee; — and verily every man 

27 

25 i, 28 o 19 o 

living is al — together — vanity. 

? 7 

Unity of measurement, ^-^ of a second. 

Both prayers were read from the manual. The latter is offered at the 
burial of the dead. The movement is slow, the melody solemn, the 
intonation monotonous, the style that of devout consecration or solemn 
importunation, and the rhythm quite manifest in certain phrases. The 
duration centroids are prominent. 

Test records, — The rhythmic feeling has been asserted to be the 
most general aesthetic endowment of man.* Most people undoubtedly 
•distinguish spoken verse from prose largely on the basis of this feel- 
ing. The external embodiment of verse (aside from the nature of the 
thought), that is, its verse and stanza-like structure as it appears in 
print, may be presumed, however, from the law of association, to play no 
inconsiderable part in lending support to the distinction. How, now, 
would the judgment of the individual be affected after the props of asso- 
ciation have been removed ? How would naive, unsophisticated thought 
regard the distinction of prose and poetry into measured and unmeasured 
language. 

To get at the uncritical, spontaneous judgment of the individual, the 
following test was devised : 

The subject was conveniently seated before the phonograph, and was 
given a short j)assage in print, the contents of which were unknown to 
him, to be immediately read into the phonograph. He was urged to make 
his reading natural and representative. 

Two devices were employed. In the first the subject was given a selec- 
tion of poetry printed in the form of prose ; in the second, a passage of 
melodious prose [)rinted as a stanza of poetry. In the latter case the sub- 
ject was allowed to read the stanza through, before speakmg into the tube, 
and was then told to read it according to his own discretion. 

After the passage had been read the following questions were asked : 

1. Did the passage, as you read it, sound familiar? 

2. What did you spontaneously conclude regarding its form? If the 
question had never been raised, would you have taken it for granted that 
you read a piece of poetry or prose? What did you feel it to be? 

• Lanier ; Gurney, as before, 128 ff.; Bolton, as before. 
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3. Without engaging in reflective analysis, what do you instinctively 
feel to be at the basis of your judgment ? Why poetry ? Why prose ? 

4. Did the passage sound smooth or rugged as you were reading, or 
was it indifferent? 

5. What did you feel these properties to be due to? 

6. Did the passage sound melodious to you ? If so, what does melody 
in speech mean to you? What are its elements? 

Care was taken lest the subject should begin to unduly reflect upon the 
questions. Those judgments were rejected where the subject was familiar 
with the quotations. The questions were submitted to several persons 
from whom no records were taken. 

The questions are in no wise to be considered as a statistical enquiry. 
They are only intended to reveal the state of consciousness, or the spon- 
taneous judgments, of unsuspecting subjects. 

After the answers had been given and the device exposed, the sub- 
jects of the first experiment were handed a copy in which the poetical 
quotation was printed in its original form, — that is, as poetry. The sub- 
jects were then asked to familiarize themselves with the contents, and read 
it as poetry. Thus it was possible to make a comparison of the two ren- 
derings by a study of the phonograph records. 

A third device consisted in eliminating all the punctuation marks. 
The subject was not allowed to examine the passage before speaking it 
into the recording tube. 

(a) Records of verse. 

Twelfth specimen. J. M. T. (Telleen, graduate student, English.) 
(A, without punctuation marks.') ' 

o, 16 o 14 o 25 o 25 o 41 028 • 40 o 

Nothing henceforth — man's existence — bows — [bows] to the mo — m- 



II 29 24 



30 



8 o 16 o 30 o 25 o 24 o 26 o 9 o 17 •1*7 
tion wait take the joys and bear the sorrows neither with extreme coo- 

o 25 15 • 35 o 170 20 0, 40 o 20 ©«^3©« ^ 
cern — living here — means nescience simply — 'tis [the] next life— mat 
12 24 25 '® 

o 15 o 18 © 9 • 14 • 21 g, 13 o 3? ©1 *7 © *^ •J*^ *^ 
helps to learn — shut those eyes — next life — will open — stop HiOte «W — 

7 8 29 la ^ - . 13 

^,120 33 o 190 20 037 • 14 • »3J> *^^*J?." 
next life — will teach — hearing's office — close those Up* — ■«» lile 
17 II 23 *1^* 
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o i6 o 35 o 35 o 
will give the power of speech ! 

(B, read as profe,) 

©, 21 • 15 o 14 o 21 o 25 G^ a8 o 7 o 26 

Nothing! — Henceforth man's existence— Ixms to die mo nitioD — 
8 5 8 

0, 32 o x8 e, 28 m^ 29 o 30 o la Ot39 o 20 
wait — ! Take the joys and bc^ the s or r ow g— neither wiUi extreme 

23 13 

o 39 A, 10 • 16 o 18 o 17 o 35 •la o zz o 23 
concern I — Living here means nescience simply : — 'tis next life that 
26 25 

o 21 •, 41 ^ II 010 •, 320120 20 041 •« 3609 

helps to learn. — Shut those eyes, — ^next life^ — ^wili open, — [thoee] stop 

29 20 6 a3 

• 19 041 •, 2o« 3^ 015 #,24 o 40 ©,807 0, 37 
those ears, — next life will teach hearing's office^^-dose those lips, — 
27 27 25 

A 16 V 25 o 23 o 33 o 
next life will give the power of speech! 

(C, read as poetry.) 

©, 23 o 52 • 20 o 20 o 26 0, 35 o 23 

Nothing ! — Hence — forth man's existence bows to the monition — 
10 44 8 

o 43 
wait — ! 

35 

o 17 i, 42 o 24 §, 37 o 12 o 20 o 25 o 40 
Take the joys — and bear the sorrows — neither with extreme concern I — 

20 28 34 

e 18 •,26015 i, 19 o 43 0,13^13024 o 20 

Living here — means nescience simply: — 'tis next life that helpsj^to 
? 30 

050 
learn. — 
42 

©I 9 •, 13 •! 50 o, 13 o 19 • 48 0, 12 o 17 •, 46 05 12 o 
Shut those eyes, — next life will open, — stop those ears, — ^next life 



34 33 37 



30 • 22 
will teach 
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A i6 o 50 ^, 8 o, 13 ©, 37 A, 12 o 28 o 27 o 36 

Hearing* s office,-^-close those lips, — next life will give the power — of — 

37 28 ^ ^ 

o 
speech. 

(Browning.) 

Unit of measurement, ^ of a second. 

Answers to questions. — i. No. 2. Prose. 3. Form of print. 4. Rug- 
ged. 5. The thought ; loose rhythm. 6. No. 

Thirteenth specimen. C. O. (Olson, graduate student, English.) 

(A, read as prose.) 

o, 32 o 30 o 22 o 29 ©, 29 o? 90 21 

Nothing ! — Henceforth man's existence — ^bows to the mon ition — 

18 6 ^^ 

o, 39 o 18 © 24 §, 23 o 47 o II o 20 A 21 
wait ! — Take the joys and bear the sorrows — neither with extreme con- 

33 31 

A 46 o 14 o 16 o 40 o 26 o 41 © 12 A 8 13 © ^5 
cem ! — Living here means — nescience simply: — 'tis next life tnat 
38 27 26 

0, ^9 • 39©, 12 ^e 14 g, 290 12 ;, 19 o 3^J«".u' 
helps to learn. — Shut those eyes, — next life will open, stop mw^ 

31 18 «5 

ii« 250250 23 o 14^, 19 o 43 •, i^^*^^ f.« *^next 
ears,— next life will teach hearing's office, — close those lips,— ncxi. 
15 26 '5 

§, 24 o 12 ;, 25 o 

life — will give the f)Ower of — speech. 
6 9 

(B, read as poetry.) 
o, 46 o 16 • 18 o 21 o 26 o 29 o 2 __^, 



Nothing ! — Henceforth man's existence— bows to the monition 

30 10 *^ 

O 12 •, 32 G, 19 • 51 O, 9 O 17 " ^^ 

Take the joys — and bear the sorrows-^neither with extreme 

15 3^2 ^ 

-^ 

A 10 •,20013 0, 23 o 34 OtII©«^*^ 
Living here means nescience simply: — 'tis next "*«^ 



22 



o 42 
learn. — 
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®8 ^ o 9 ©1 23 o 12 0, 20 %^ 23 0, 8 ©jia •, 24 0, 9 © 

to 19 

Shut those eyes, — next life will open, — stop those ears, — ^next life — 

9 18 9 31 

47 o 21 

will teach — 

II 

^, 16 o 41 o 8 o 9 o 26 ^, 12 •, 21 o 16 §2 

Hearing's office,— close those lips, — next life will give the power 

28 18 

31 o 
of — speech ! 

16 

Unit of measurement, -^^ of a second. 

Answers to questions, — i. No. 2. Dramatic prose. 3. Did not '*fcel** 
it to be poetry. 4. Smooth. 5. The movement. 6. Yes. Smoothness 
and movement. 

Fourteenth specimen. G. F. A. (Abel, graduate student, philosophy.) 

( Without punctuation marks.) 

§, 12 •, 17 0, 30 o, 29 37 0, 19 o 17 

Henceforth man's existence — bows to the monition — wait — ^take the 

14 26 10 

0, 25 g^ 19 v, 39 o 10 <;, 24 o, 24 0,10 o, 14 

joys and bear the sorrows — neither with extreme — concern — living 

25 8 ? 

o 18 o?ii<?,j 220 52 fj 14 O5 31 o 17 • 41 ^, 

here means nescience — simply — 'tis next life — that helps to learn — ^shut 

7 33 16 31 

I20J lO© 220, 10 .1:.^ 150 36 O 9 • 13 • 37 O, 12 O 19 O 10 

those eyes — next life will open — stop those ears — next life will teach 
8 25 24 

^3 15 o 39 •'! 12 ©.^ 15 T) 33 o 12 3 18 o 17 o 29 

hearing's office — close those lips — next life will give the power of — 

26 26 8 

o 
speech ! 

Unit of measurement, ^-^ of a second. 

Answer to questions. — i. No. 2. Prose. 3. Arrangement of words ; 
form ; lack of rhyme. 4. First part, rough ; second part, smooth. 5. 
Lack of meaning and punctuation marks. 6. Yes and no, as in 4. 
Rhythm, if anything. 
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Fifteenth specimen. W. C. (Churchill, graduate student, philosophy.) 
(A, read as prose. ) 

o 18 0, 23 09 Ot 15 © 23 o 16 0, 15 •, 17 o 
Oh yet we trust — that somehow good will be the final goal of ill, 

5 

49 o, 23 o 24 o 21 o 53 o 19 ©, 25 0, 21 

— to pangs of nature, — sins of will,— defects of doubt, — and taints of 
39 12 45 19 

o 56 0, 21 o 30 21 o 57 on 014©, 

blood ; — that nothing walks — with aimless feet ; — that no one life — 
50 18 49 9 

240150 40 o 22019011049 0, 

shall be destroyed — or cast as rubbish to the void, — when God hath 

31 41 

24 o 18 o 22 o 
made the pile complete. 

(B, read as poetry.^ 

Q 20 0, 28 o 9 • 0, 

Oh yet we trust — that somehow — ^good — 

13 ? 9 

23 O 19 0» 18 g, 21 O 40 

Will be the final goal of ill, — 

37 

o 23 •, 27 o 24 o 45 

■ 

To pangs of nature, — sins of will, — 

15 37 

o 23 o 46 o 22 o 61 

Defects of doubt, — and taints of blood ; — 

34 48 

A 2 18 o 23 o 20 o 48 
That nothing walks with aimless feet ; — 

43 

f, 100 13 0, 27 o 19 o 36 
That no one life — shall be destroyed, — 

II 33 

0270 22 014 048 
Or cast as rubbish — to the void, — 

? 34 

o 26 o 23 ^, 41 o 

When God hath made the pile — complete. 

16 

(Tennyson.) 
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Unit of measurement, ^ of a second. 

SixUenth specimen. B. S. G. (Gowen, college senior. ) 

^ Without punctuation marks.) 

o 25 o 22 ^28 g, 17 0, 29 o 14 o 16 • 41 o 
Oh yet we trust that somehow — good — will be the final goal — of ill — 

7 12 25 5 

22 o 24 o 39 o 60 c 30 o 18 o, 28 o 23 o 

to pangs of nature — sins — of will— defects of doubt and taints of blood 

26 35 19 

32 o 15 ©» 42 •19 o 350 ^©f 130 23 o 

— that nothing walks — with aimless feet — that no one life — shall be 
20 25 18 5 

16 o 40 o 22 o 19 o II o 49 ©s 24 o 18 

destroyed — or cast as rubbish to the void — when God hath made the 
21 41 

o 22 o 
pile complete. 

Unit of measurement, ^ of a second. 

Answers to questions. — i. No. 2. Prose. 3. ** Felt ** no rhjrthm. 4. 
Quite smooth. 5. Smooth succession of words ; occasional rhythm. 6. 
In parts. Fitness of language to thought, and character of thought. 

Seventeenth specimen. S. (Smith, laboratory mechanic. ) 

(A, read as prose. ) 

o 19 o 25 o 24 o 17 o 18 o 19 o 17 o 

Oh yet we trust that somehow — good will be the final goal of ill, — 

5 42 

50 o 24 o 33 c 20 o 33 o 21 o 32 o 19 

to pangs of nature, — sins of will, — defects of doubt, — and taints of 

18 25 23 

o 37 o 18 o 30 ^j 23 o 50 oii0si2o 

blood ; — that nothing walks with aimless feet ; — that no one life 

32 39 

21 o 32 • 53 o 25 c 29 o 66 o 16 

shall be — destroyed — or cast as rubbish — to the void, — when God hath 
19 30 ^2 53 

o 20 o 23 o 
made the pile complete. 

(B, read as poetry. ) 

o 42 o 25 o 51 o 33 

Oh yet — we trust that somehow — good 
18 27 



Researches on the rhythm of speech, 6i 

o 20 o 21 o 34 o 58 
Will be the final goal oif ill, — 

45 

o 26 o 45 o 20 o 34 

To pangs of nature, — sins of will, — 

29 27 

o 22 o 40 o 20 o 59 

Defects of doubt, — and taints of blood ; — 

25 43 

o 19 o 29 O 22 • 47 

That nothing walks — with aimless feet ; — 

? 29 

o 10029 o 25 o 18 o 36 

That no one life — shall be destroyed, — 

7 22 

o 23 o 430? 17 o 49 

Or cast as rubbish — to the void, — 

23 32 

o 29 o 19 o 24 o 
When God — hath made the pile complete. 

7 

Unit of measurement, ^-^ of a second. 

Answers to questions, i. No. 2. Prose. 3. Felt little rhythm. 4. 
Not very smooth. 5. Form of expression. 6. Yes. Rhythm and vowel 
sounds. 

Two other persons replied to the questions, but no records of their 
recitations were made. (B) i. No. 2. Poetry. 3. Rhythm, rhyme 
and sentiment. 4. Smooth. 5. Metrical perfection, uniform lengdi tff 
words, avoidance of sibilants. 6. Yes. Meter, onomatopoetic wi 
o sounds, polished expression of sentiment. (C) i. No. 2. 
3. Form of print. 4. Smooth. 5. Rhythm and rhyme. 6. No- 

The above two specimens of poetry are taken from the two 
poets of the century just closed, the one standing for the 
rical perfection, the other emphasizing the content rather tban 
investiture of thought. Each instance contains one case 
verses. The Browning selection, however, contains by fiMr 
number of intra-line punctuation marks. 

To the ear the rhythm of the prose and poetry reni 
be about equally balanced. Appeal was made to 
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basis of the rhythm the attempt to distinguish the prose from the poetry 
in the readings did not prove very successful. 

The movement in the records without the punctuation marks appears 
the most rugged. In these records the pauses strike the ear as if placed 
with diffidence and hesitancy. 

(^) Records of prose. 
Eighteenth specimen. S. I. (Isakson, stenographer. ) 

•,19 o 26 o 13 ©, 20 o 47 

To the poor Christian that sits bound in the galley ; — 

28 

©, 20 o 27 -o 170 32 o 14 o 39 

To despairful widows, — pensive prisoners, — and deposed kings ; — 

13 12 29 

o 21 ©, 28 o 30 o 15 o 50 

To them whose fortune runs back — and whose spirits mutiny — 

7 21 

o 19 ©J 23 o 29 o 14 o 17 o 

Unto such— death is a redeemer, — and the grave a place for rest. 
9 10 

(Essay on Death, Bacon.) 

Unit of measurement, ^ of a second. 

Answers to questions. — i. No. 2. Poetry. 3. Form of print, easy 
movement, and beautiful sentiment. 4. Smooth. 5. Meter. 6. No. 
Nineteenth specimen. O. E. S. (Staaf, graduate student, Latin.) 

y^ii o 28 013 o 70 100 38 
To the poor Christian that sits bound in the galley ; — 

21 

o 16 o 26 o 19 o 38 o 18 o 31 

To despairful widows, — pensive prisoners, — and deposed kings ; — 

12 14 20 

0j 29 c o 021 o 14 o 17 o 43 

To them — whose fortune runs back and whose spirits mutiny — 

G, 21 G 25 O 29 O 15 O 15 C 

Unto such — death is a redeemer, — and the grave a place for rest. 
14 10 

Units of measurement, ^^^ of a second. 

Answers to questions. — i. No. 2. Poetry. 3. Meter, outward form. 
4. Neither. 6. No. 
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Answers to questions were obtained in several f;aMft> »iti«i#u* %Stf.nu| 
phonograph records. (D) i. No. 2. Poetry. 3. f^yA^ i*r,wi 
rence of accents. 4. Smooth. 5. Rhythm. 6. So. '^h. * ^- "^ 
Doubtful. First two lines poetry ; last two lines upMrt )u4j|^fj^;ff* %, 
Rhythm of first two lines (poetry) ; prosaic thought (\0<j^., 4 ^*^" 
ing of smoothness gradually vanishing. 5. CorreKiXHid^**-^ '/ ^^i^^ 
stress-points in first two lines (3 each). 6. Yes. Kh)tJaaj *f^ ? 
No. 2. Poetry. 3. Verse-like structure, inversion, a *>wt*«u f$*f^sM^ 
6. Yes. Don* t know. (G) i. No. 2. Poetry. 3, M^;hia**'4fc. lv« 
and poetic sentiment. 4. Smooth. 5. ?. 6. Yes. ^'Hy, j^.i^ f *^ 

2. Rhythmical prose. 3. No meter. 4. Smooth \>tohhz. « ^>*^**S|^ 
movement. 6. Yes. Graceful expression of thought, alJiOrf***'^ ♦^^ 
interior rhymes. (I) i. No. 2. Poetry. 3. Meter and j^octi/ bii^.wm^, 
especially the second line. 4. Not altogether smooth. 5. iyrtt^jf^h 1U/» 
6. Yes. Pleasing sounds. (J) i. No. 2. Both. Lincii 2 and 4, |//^y , 
lines I and 3, prose. 3. Rhythm and lack of rhythm. 4- J'*'*^ * **^ 4# 
smooth. 5. Rhythm. 6. Yes. ? 

The second specimen of rhythmical prose arranged a» a i^m*m ^ 
poetry is found on p. 26. The questions elicited the fo11owifi|f 
(K) I. No. 2. Poetry. 3. Rhythm. 4. Smooth. 5- K^^IPM 
rence of accents. 6. Vague feeling of melody. (L) i. No. ^ 

3. Regularly recurring accents (primarily), rhyme, print^C Jm* 4 
Fairly smooth. 5. Rhythm. 6. No. (M) i. No. *- *W«¥ J' 
Rhythm and rhyme. 4. Smooth. 5. Uniform niiml-Mfr w •*■#•• -ft^ 
line. 6. Yes. Rhyme. (N) i. No. 2. Prose printed ^"^^ ^ 
Subject-matter prosaic. 4. First j)art smoother. 5- 
rhyme. 6. No. 

The judgments were derived from persons who, accordim/f 
possessed more or less i)oetic appreciation. Nearly a" 
music and the majority possessed some knowledge of tiM 
answers throw some light on the varied manifestation iff 
native appreciation of rhythm, smoothness and melody 
connotation of the term melody of speech is in 
shifting and vague. This is suggested by the answcf* 
glance at the popular discussions of the subject. 
most people's minds, to no fixed conception. To 
interchangeable with rhythm (motion); to some, 
rhyme and alliteration (tone-color); to others, gi 
of thought ; and yet to others the term has no sij 

The connotation of the term smoothness of sj 
that of melody. This quality was felt to be due JB' ^ 




i 
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the movement, and second, of the sound. In some cases no definite 
notion corresponded to the term ; in others, no smoothness was felt. In 
some of the latter cases, as was noticed by the experimenter, the reading 
was rugged. 

The success of the deception varied. Three subjects declared the 
verses of Tennyson and Browning to be prose. The reasons given were 
**lack of rhythm,'' **form of print," *' indefinite." Only one subject 
I pronounced the verses of Browning, and two the verses of Tennyson, 
poetry. All the judgments were based on the feeling of rhythm. Six 
( subjects called the prose sentence of Bacon poetry. The reasons 
given were the outward form, sentiment, poetic language, inversion of 
words, or rhythm. One subject was doubtful, one pronounced the sen- 
tence half-and-half and one (a poet) pronounced it, correctly, rhythm- 
ical prose. The specimen of mathematical prose was declared to be 
f)oetry by three subjects on the basis of rhythm, rhyme, or the form of 
print ; and to be prose written as verse by one on the basis of the prosaic 
subject matter. 

Some of the subjects, who felt no rhythm in the lines, pronounced the 
passages smooth, others feeling no smoothness pronounced the lines 
rhythmical. 

The following corollaries, to be held tentatively, are deducible from a 
comparison of the judgments : 

{a) Poetry is spontaneously and instinctively distinguished from prose 
most largely upon the basis of a rhythmic affection of sensibility. All 
other differences, such as inversion, sentiment, rhyme, etc., are subordinate. 

{d) For unsuspecting and naive thought, the arrangement of the words 
into verses and stanzas serves as an important prop for differentiating the 
rhythms of prose and poetry. The removal of this support tends in the 
majority of cases to convert the rhythm of poetry into the rhythm of prose, 
and vice versa. 

(r) The rhythmic instinct is an affection of sensibility, varying to some 
extent with individuals. It has two aspects — motor and sensory. The 
test concerns only the former — the rhythm felt by the subject in uttering 
and not in hearing uttered a series of words. As a motor phenomenon 
the instinctive perception of the rhythmical time sense is subject to varia- 
tions in the immediacy of response and in the universality of manifestation. 
This is most obviously dependent upon the degree of development of the 
power of coordinating time-units. 

We begin now the detailed examination of the (juantitative determina- 
tion of the various groups of recurrences. The verse intervals will most 
conveniently be dealt with first. 
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Table XI. 








( Prose read as poetry. ) 






Subject. 


. , t 


c 


n 


S. I. 


2.85 0.27 0.09 


+ 


4 


0. E. S. 


3.53 0.31 0.08 


— 


4 



Av. 



3.16 0.29 



0.08 



Tai'LE XII. 
{Summary of Tables viii., ix., and x., poetry. ) 



Table. 


a 


/ 


a 


/III. 
IX. 


2.05 
2.86 


0.23 
0.26 


O.IO 

0.08 


X. 


3.18 


0.32 


0.09 


Av. 


2.69 


0.27 


0.09 



Unit of measurement, I'. 

a, average duration. 

/, immediate probable error. 



-, relative immediate probable error. 

e, extreme intervals. 

r, character of greater extreme. 



These observations are based upon a study of 163 verses, various as 

to length and structure. 

Extreme ifiten^a/s. — The longest interval among the 11 1 verses is 5.01', 
4th verse, record of J. M. T. ; the shortest 0.89', Table VIIL, E. W. S.; 
a range of 4. 1 2". This is applicable to verse intervals, similarly composed, 
in general, presuj)posing that the figures fairly well represent the extremes. 

Character of extreme inten'a/s. — Column e of Tables VIIL, IX. andX. 
furnishes the following data bearing uj)on the nature ol the largest extreme 
deviation among individual ^ erses : 60 per cent, are extremes of excess, 
40 per cent, of deficiency, and o per cent, of equality. The tendency 
is thus to cause the longest individual deviation to vary more than the 
shortest from the length of the average. 

Average duration. — ( i ) For the series. The average for the series of 
163 intervals is 2.69'. For the scries of records of prose read as poetry 
it is 3. i6\ 

(2) For the sets. The shortest average of any set of records is 2.05*, 
Table VIIL, various types of scansion; the longest, 3.18% Table X., 
poetry read as poetry, making a range of 1. 13' for the average verse in- 
tervals of the different sets of records. 

The average in the set of records where poetry was read as poetry is 
0.32' longer than in the records where poetry was read as prose. 

The average in the set of records where prose was read as poetry is 
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0.04' longer than the average of Tables IX. and X. (test records), and 
o. II" longer than in the set of records of Table VIII. (poetry). 

(3) For the records, — The longest average for any record is 4.62', J. 
M. T., Table X.; the shortest, 1.15', E. W. S., Table VIII. ; a range of 
3.47'. These figures presumably represent the time limits within which 
the average verse interval, similarly composed, of any reciter will fall. 

The range for different records appears to be nearly three times larger 
than the range for different sets of records ; and the range of the indi- 
vidual verses is about 1.29 times the range existing between the average 
intervals of different records. 

Relative inequality, — (i) For the series. The inequality for the series 
of poetry is 9 % of the average duration of the intervals, and for prose, 
8 %. 

(2) For the j^f/j.— The highest percentage is 10 %, Table VIII., types 
of scanned poetry ; the lowest, 8 %, poetry read as prose, and prose read 
as poetry ; a range of only 2 % . 

(3) For the records. — The highest percentage among the individual 
records is 15 %, W. W. and J. W. R; the lowest, 5 %. This gives a 
range at 10 % for different records. Every subject was slightly more 
regular in reading the poetry as prose than as poetry. The highest difter- 
ence between the regularity of the two records of the same subject is 0.05 
(W. C. ) ; the lowest, .01 (J. M. T. and C. O. ). 

Importance attaching to the duration of the verse interval. The verse 

is the longest interval with which these measurements axe concerne , 
hence the relevancy of the following remarks. 

The interest that attaches to the length of the verse-group arises 
chiefly from a consideration of the span of the rhythmic time • 

How long a period is consciousness capable of rhythmizing r 
or how long must the unit be to enable the mind to coordina e 
other units of the same kind ? 

GuRNEV * holds that the most highly developed rhythmic s ^ 

take in no more than a "small group'*; and Sievers an ' 
equally vague, ''strictly limit" the length of the sentence so ^^^^^^^ 
time occupied in reading it may constitute a rhythmical who • .^ 
concludes from experiments on subjective rhythmisation t matter 
correspondence between the average time of a rhythmical ^^^^J ^ 

»GURNEV, The Power of Sound, 127, London 1880. 

•Sievers, GrundzUge der Phoneiik, 4. Aufl., 218, Leipzig 1893- .^ 

'Schmidt, Introduction to the Rhythmic and Metric of the Cias 
79ff., Boston 1878. 

« Bolton, Rhythm, Am. Jour. Psych., VI 145-238. 
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what the form, and the normal wave of attention. The rate of speed 
determined the form, or the number of the components (8, 6, 4, or 2), 
of the group. No matter what the number, within certain limits, of the 
impressions, the duration of the group remained relatively the same, 
about i'. He gives 1.5' as the upper limit. 

It seemed that the natural period of attention exercised a regulative 
influence upon, and definitely limited the span of, the groups. 

Langr* found that the periodicities of the maxima and minima of 
attention for acoustic sensations varied from 3.5 to 4.0*; for optic, from 
3.0 to 3.4' ; and for electrical cutaneous, from 2.5 to 3.0*. 

Stevens' posits a time interval between 0.53* and 0.87*, which is 
capable of being reproduced with the greatest accuracy. A plus inter\'al 
results in a plus error ; and a minus in a minus error. Johnson,' how- 
ever, experimenting on practice and habit, concludes that there is no 
'* indifference point '* from which variations do not occur. 

DiETZE * reports that the subject of his experiments in rhythm was in- 
capable of grouping the impressions after the period had reached 4.25'. 

Other experiments have given the following results : for the Masson 
disc, an average period of* 3.5" (with average variation of 0.3"), and 
of about 5 or 6'* (with possible variation from 6 to 27*^), the oscillation 
having been found most rapid® with a certain difference between the 
grayness of the disc and the ring ; for voluntary effort,* a period of three- 
fourths of a second, attended by a large fluctuation and recovery ; and 
for subjective rhythmisation of sounds, the * Mower limit "*** of the inter- 
vals has been placed at less than 2' ; others give a limit of less than 0.4'" 
and 0.5'^^ and of more than i.o".'* 



* Lange, Beitra^e zur Tfworie dtrr sinnlichen Aufnierksamkeit und dfr activen ap- 
perception^ Philos. Studien, 1S88 IV 404. 

^SiEViiNs, On the time sensey Mind, 1 886 X 394. 

3 Johnson, Researches in praitice and habit^ Stud. Yale Psych. Lab., 1898 VI 9I. 

* DiKTZE, Untersuihungen fiber den Unifan^ des Bewusstseins bei regelmassig aufein- 
andcrfolgenden SchalUindriuken ^ Philos. Studien, 1885 II 383. 

5 P.^CE, Zw Fra^e der Schwankuni^en der Aufmerksamkeit nach Versuchen mit Mas- 
son' st hen Scheibcfiy Philos. Studien, 1893 VIII 394. 

*TiTCilENER, A Primer of Psychology, 89, New York 1898. 

'TiTtHENER, An Outline of Psychology, I41, New York 1896. 

« Mar BE, Die Sckwankungen der Gesichtsevipfindungen^ Philos. Studien, 1893 VIII 
615. 

'ScRin^URE, The New Psychology, 125, New York 1897. 

>o Smith, Philos. Studien, 1900 XVI 282. 

'»Mei;.mann, Philos. Studien, 1894 X 302. 

>*Martii's, Philos. Studien, 1891 VI 196. 

'STiTCHENER, Experimental Psychology, I, ii 340, New York 1901. 
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These figures indicate : ( i ) That, while the differences in the results 
of experiments may be partly explained by differences and inconstancy 
in the amount of the stimuli and in the physical and mental conditions 
of the observers (due to fatigue, inattention, irrelevant movements, sen- 
sations and memory images, passive or active attitude, etc.), the natural 
period of attention will differ for the different senses and for different 
individuals. The period for the more purely sensory (receptive) waves 
may also differ from the more purely motor (voluntary) waves ; and those 
of involuntary subjective grouping from those of voluntary grouping. 

(2) That the span of the rhythmic sense is definitel-y limited for each 
individual, though we do not yet know its precise upper or lower limits, 
nor how it differs in voluntary and involuntary subjective rhythmisation, 
in its sensory and motor aspects, nor its dependence on the psycho- 
physical conditions and age of the individual. 

(3) That the regularity of intervals will be greater for those that fall 
within the span than for those that do not. This will be illustrated 
presently. 

Rhythmical signification of irregularity of intervals, — The definition of 
rhythm entails a limiting conception, as regards both the span and regu- 
ularity of intervals. What does the concept of rhythm require ? Abso- 
lute or relative conformity to a standard ? How great a variation may 
intervals admit of without becoming unrhythmical, or non-periodic ? 

A series of intervals of an average duration of 4.62' (J.M.T. ) mani- 
festly will admit of more absolute variation than one of 1.15' (E.W.S.). 
Hence the amount of variation expressed as a percentage of the average 
duration (the relative immediate probable error) yields the index of 
regularity. How small must this be to preserve the rhythmical unity of 
intervals ? 

This question emphasizes the distinction between hap-hazard recur- 
rences and strict periodicities — between coordinated (that is, rhythmical) 
sequences, and uncoordinated (that is, unrhythmical) sequences. It is a 
mistake to subsume all recurrences* of maxima and minima, all repeti- 
tious undulations and oscillations, under the concept of rhythm, and 
treat literary, social, geological, et al.y phenomena as rhythmical. Prior 
to legitimately making such sweeping subsumptions a measure or limit to 
the irregularity for any series of occurrences must first be adopted. This 
involves the adoption of a criterion of irregularity. 

It has been established, by facts admitting of profuse illustration,' that 
things come and go in waves and periods ; that all motion is oscillatory 

» Spencer, First Principles, X, The Rhythm of Motion, New York 1883. 
*FlSKS, Outlines of Cosmic Philosophy, II. 
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and not uniform, either in the sense of continuing at precisely the same 
rate of motion, or invariably in the same direction. But undulations that 
are not well coordinated periodicities are mere recurrences. 

The limit of irregularity cannot be fixed a priori. It may be deter- 
mined by taking an easily rhythmisable series of intervals and increasing 
the inequality until the subject is incapable of rhythmising them. This 
practical test is based upon the fact that the feeling of rhythm is non- 
existent for me, until it becomes an affection of my sensibility. The only 
rhythm which can become an object of direct experience is that of a suc- 
cession of psychoses. Hence the ultimate criterion is to be found in the 
sensibility of beings rhythmically constituted. 

In the present investigation the limits may be approximately deter- 
mined in units of time by ascertaining the average amount of inequality of 
those records the intervals of which the ear is incapable of coordinating. 

Each record of Table VIII. was listened to a number of times, and the 
attempt made to coordinate the sequences of impressions representing the 
verses. The reproducing speed was relatively the same as the recording 
speed. Appeal was then made, where the rhythm was obscure, to the 
motor aspect of the rhythmical sense. 

With reference to the more purely motor aspect of the attempted group- 
ing, it was difficult to impart a very distinct unity to the verses of the J. 
W. R. and A. I). B. records, unless the lines were repeated rapidly and 
the terminal pauses were considerably prolonged. The rhythm then be- 
came marked. The verses of the W. W. record with this device, were 
capable of being only vaguely coordinated and grasped as totalities. 
These verses contain twelve svllables. 

Listening to the records on the phonograph, it was difficult to co- 
ordinate, and grasp as rhythmical wholes, several of the verses of the 
J. W. R., and most of the W. W. record. In the A. D. B. records it 
was possible to feel a certain verse rhythm ; in the A. R. P. record, it 
was more distinct ; in the three remaining records it was marked, espe- 
cially in the H. O. and in the last stanza of the E. W. S. record. In 
general, other things being equal, the shorter verses were more unitary 
and rhythmical. 

Beariti^^ upon the limit of ineqttality and span of the rhythmic sensibility. 
— These results suggest that when the deviation rises to a fraction of 159^ 
of the length of the whole interval, the mind finds it hard to rhythmise 
the impressions ; when the fraction is 12% the rhythm is still a little 
vague; and when it is 7% the intervals are easily coordinated. When 
the fraction is smaller, of course, the rhythm becomes increasingly distinct. 

As regards units of time, the rhythm of the verse intervals was almost 
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destroyed when the deviation reached a third of a second ; it was some- 
what disturbed when it reached a fifth of a second ; and when it was about 
one-tenth of a second, it was well preserved. 

From the measurements of the irregularity of the verse intervals, it is 
difficult to determine the maximum length of an interval that can be 
synthesized into a rhythmical whole. The longest span where the rhythm 
was felt, though vaguely, was 2.41'; except in the Persian record, where 
the line meter rhythm was very distinctly felt and the intervals averaged 
2.45*. Here the absolute irregularity and relative irregularity reached the 
low figures of o.o6* and 0.02 respectively. That the Persian line group 
should manifest a relatively high degree of regularity was to be ^'^P^^!^^ 
apriori from the Persian theory of poetry. In Japanese poetry, w ic 
theoretically follows the same law with respect to its meter, the ^"^^ ^"_^ 
is 0.06' for J. K. (av. length of verses = 0.87*) and o.o9' for I. M- (av.^ 
0.95'), and the fraction is 0.07 and 0.09 respectively. While, t ere^ ^ 
the verse meter of both these languages conforms with the require ' ^^ 

respects degree of regularity, of rhythm, the records show t ^^ 

poetry, which theoretically does not recognize the verse me , ^^^ 

secondary, affords specimens which surpass the Japanese in 8 jg^^^ye 

which, if we include the record of mechanical scansion wi equal to 

concomitant where the figures are 0.06' and 0.03, are pra languages 

the Persian. No other intervals in the records of the or r^rord 

/Tn the Persian recuiu 
are equal to the regularity of the verse intervals. v^n ^^ simple 

the expiration and the verse intervals coincide. ) ^^ *^ 

centroid intervals are frequently as regular. , themselves 

The long limit of the rhythmic sense for verse in generally ex- 

containing minor intervals (rhythms), probably ac>^^ those of less 

ceed two and a half seconds. Perhaps we may ^^ . |.er-verse pauses 
than one and three-fourths of a second in length (^* ^^ rhythmically 

of average length) give for most subjects the best ^^^ records, viz., 

(i.67* = average length of verses in the most rhy H- K..). This 

E. W. S., H. 0., O. S., A. R. P., J. K., I. M. ^nd^ ^^^ Titchemer's 
figure is coitsiderably above Meumann's, MaRTI^ ntuation ; 

results, and slightly below Smith's, for subjective ^^ Pace's, 

erably above Scripture's results for volitions, and ^^.^jons. Hence 

and Titchener's results for the fluctuation of ^ 4.^,-vals. 11 

«»T-se in^*^* 
results of this experiment may apply only to ver» t>etwecn the 

should not be identified offhand with the spans C ^ '^\\yys\oXA iM 

tions of attention for sensations, memory -in^^^ ' luntary M 

voluntary efforts, and (^b) between the accents 1^ 

tary subjective rhythmisation. 
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Results. — The verse interval rarely exceeds 5' in length, nor does it faSX 
much below 0.89' (a range of a little over 4*). 

About 60 per cent, of the verse intervals that deviate most from the 
length of the average are extremes of excess. The balance are extremes 
of deficiency. 

The average duration of a verse interval is about 2.69V It varies 
according to the character of the line and will lie for a given number of 
reciters, somewhere between approximately 2.05* and 4.62", a range of 

3-47'- 

In units of time the verse intervals of a given number of recited verses 
will vary from the length of the average by about 0.27*. 

The range of irregularity existing between a given number of recited 
verses of a given number of subjects may be approximately 0.46" (from 
0.09' to 0.55'). 

As a fraction of the average, the irregularity of a given number of 
recited verses of a given number of subjects will be about 9%; and the 
range about 10% (from 5% to 15%). 

The regularity is never precisely the same for different records of the 
same person. The difference will rise to about 5%. 

Whenever the amount of irregularity exceeds 15 per cent, of the average 
duration, the mind finds it hard to rhythmise the series. The rhythm is 
obscure. Apparently when the percentage does not rise above 10%, the 
rhythm is fairly well preserved. 

If we accei)t, provisionally, 10 per cent, of deviation as the limit of 
allowable inetjuality in good rhythm, 59 per cent, of the records of verse 
intervals are rhythmical and 41 per cent, are not. 

The nature of the iifiity of the verse inten^al. — Assuming that a 
spoken line of poetry does not exceed the limits of the grasp of the 
rhythmic sense, and that it is rhythmically coordinated with other lines, 
it will stand forth as a unity in consciousness. Every verse is so far forth 
an absolute unity, whether its comi)onents are homogeneous or not, /. ^., 
made up entirely of sounds, or predominantly of sounds and partly of 
pauses. Psychologically a rhythmical line is a mental synthesis, regard- 
less of its structure. 

As a physical event, however, to constitute a unity the elements of 
speech must make an uninterrupted continuum. The unity of a verse is 
coterminous with homogeneity of process. The sounds constitute one 
order of homogeneity ; the pauses, another. Whenever the two inter- 
mingle the .spoken verse physically becomes heterogeneous, /. e.^ non- 
unitary. Hence to be a physical, or physiological, unity, a verse must 
contain no sectional pauses. Such a verse unity, however, would, if 
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frequently repeated, become thread-bare and monotonous, although it 
would result in the best quality of rhythm. 

Examples of verse intervals, that are physically homogeneous unities, 
may be seen by referring to the I. M., J. K., K. H. K., E. W. S. and 
H. O. records of V. , B, above. 

A physically homogeneous unity will coincide with a psychological 
unity when its limits are so coordinated as to coincide with the rhythmic 
beats of the latter. 

The principles of the rhythmical coordination of verse intervals. — The 
principle according to which the records were differentiated as rhyth- 
mical and non-rhythmical, was that of time -coordination. The inter- 
vals formed a series of rhythmical intervals only provided the law of 
rhythm, as regards amount of inequality and length of span was observed. 
This principle, however, was found incapable of comprehending a com- 
plete explanation of the totality of the experience. To account fully for 
all cases of verse rhythm, it is necessary to invoke another principle, — 
that of emphasis. This is best exemplified in sing-song. 

6. Sing-song scansion. — The table of measurements justifies the belief 
that the verses of the O. S. record (reading scansion) should give rise to 
the most distinct feeling of rhythmical unities. This is counter to the 
judgment of the ear, however, which found it easiest to grasp and retain 
in consciousness as rhythmical unities the first three verses, respectively, 
of the two stanzas of the H. 0. record, and the last stanza of the E. W. 
S. record. These appeared completely unified sequences, not because the 
coordination impressed the ear as perfect, but because the principle ol 
emphasis rendered the unity distinct in consciousness. 

This unifying principle is more or less operative in all the records, 
but in the record of sing-song it follows a unique law, which may be 
expressed as an exact correspondence line for line, of certain centroids, 
as regards distribution and degree of intensity. When the major cen- 
troids are correlated vertically, — that is, placed on the numerically cor- 
respondent syllables of each line — the type of scansion differs from read- 
ing, doggerel and routine scansion, which at their best, merely attain a 
maximum regularity, in its strict observance of this law of emphasis. This 
species of scansion we may designate sing-song. It is this which pro- 
duces the most vivid impression of verse unities. No verse rhythm can, 
psychologically considered, be compared with the sing-song. 

To illustrate : in the E. W. S. record (last stanza), the beginning of 
every line received a specially strong accent upon the corresponding syl- 
lables. The accentuation was uniformly of the third degree, except in the 
last line. The stress of the last syllables of the verses, was uniformly sub- 
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ordinated to the stress of the first syllables. The intervening syllables, 
with one exception, were subordinate to those at the end. The predomi- 
nant elements of the centroids were intensity for those at the close, and 
pitch and intensity for those at the beginning of the lines. 

In the H. O. record the same general law is exhibited. The second 
degree centroid was placed, however, on the last syllable but one. This 
did not affect the sing-song swing. This record also differed in having 
a sectional pause between the two chief centroids. In both, however, the 
pauses at the end of the verses served to support the unity of the lines. 

Conclusions. — These are suggested by the foregoing. Sing-song scan- 
sion is peculiar in being largely a matter of verse interval rhythm. 

This peculiarity consists (a) in paying a strict regard to the temporal 
coordination of the inter\'als and (b) in observing a law of distribution 
and subordination of centroids. In respect to distribution, the law seems 
to require two strong centroids to the verse, placed on the corresponding 
syllables of each line, the one near the beginning, the other near the close. 
Hence in the distribution of the sing-song centroids, there is a balanced 
line arrangement. 

In respect to subordination, there is a like correlated arrangement, line 
for line. But in each line, the centroids are unevenly balanced. It 
seems to open with a very strong explosion of the cords in which the ele- 
ment of pitch is prominent, is followed by a weak one and ends up with a 
fairly strong explosion in which the element of pitch is less prominent. 
For different speakers the distribution of the second and third degree 
centroids may be reversed. 

It has been customary to explain the peculiarity of sing-song scansion 
as merely a phenomenon of exact rhythm.* To fully account for it as an 
occurrence in consciousness, however, a twofold principle needs be in- 
voked. 

Logical or reading scansion and doggerel and routine scansion observe 
no such principle, and the rhythm of the centroid intervals (cf. V., F., 
below) in reading scansion is almost invariably, and in doggerel scansion 
generally, less regular. Routine has the presumption of greater regularity 
than either doggerel or sing-song scansion, as may be seen by a com- 
parison of the records. 

Sing-song scansion might figuratively be called pendulum- sluing scan- 
sion, where the height of the two swings differ somewhat, and routine or 
mechanical scan.sion, metronome scansion, where the strength or reach of 
the two swings is equal. In the latter kind, where the motive is merely 
to rigorously coordinate the distances between centroids, the function of 

* Ellis, The Quantitative Pronunciation of Latin, Ix)ndon 1874. 
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the sectional and terminal pauses becomes compensatory. They must be 
strictly limited. 

Doggerel scansion is the most nearly like reading scansion, which is 
rhythmically free. The latter differs from the former in that it pays more 
heed to the logic or thought contained in the verses. When the logical 
and metrical accents coincide it tends to become doggerel. The two often 
coincide, as is instanced by the first six stanzas of the E. W. S., and the 
stanza of the A. R. P. records. 

D. Expiration (^or sound) intervals. 

I. Explanation. — Sweet's statement that the only divisions which are 
actually made in language are those into "breath groups," each group 
forming a closed system, in which, contrary to general opinion, there is 
no pause, as it stands, vague and unqualified, must be rejected. It does, 
however, express an important truth and may, with proper limitations, be 
accepted. 

It is obvious that speech, as a physiological process, cannot continue 
indefinitely so as to form a perfect continuum. The vocal cords are in- 
capacitated from functioning in an unbroken continuity, partly because 
such activity is antagonistic to the necessary process of alternate waste 
and repair, partly because the capacity of the air supply in the lungs is 
definitely limited for each individual, and partly because the specific func- 
tion of speech, the expression of thought, could not be thus subserved. 
Hence the need of making divisions into sounds and pauses is inescapable. 

In the sense, therefore, of a succession of physical or physiological 
processes in time, the only speech divisions are those into filled and 
vacant groups. These represent periods of expiration and inhalation. 
While physiologically they are indisputably the only divisions of speech, 
psychologically, other divisions obtain. 

It is both true and false that within each expiration group no gaps 
occur. In the sense in which the word silence is used on p. 35 above, it 
is false. It has been shown that practically every sound is separated from 
every other by a gap, which, however, is generally so minute as to be 
imperceptible by the naked ear. The average duration is only o.io". 
Hence, if by pauses is not meant the necessary silences which intervene 
between separate sounds, but those gaps which, in the main purposeful, 
separate groups of words by silences other than those involved in the 
mere production of a series of sounds, it is true that the intervals in 
question constitute a closed system. 

By expiration interval, then, is indicated a sequence of sounds limited 
by pauses. The following tables give the results of the measurement of 
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these intervals. The measurements extend through the entire length of 
the sequences. Only the lengths of the different sound intervals axe 
given : not the sound intervals and pauses taken together. Every sound 
interval is invariably convertible into an expiration interval, since the 
outgoing of breath is the indispensable condition of producing vocal 
sounds. The pause intervals, contrariwise, are not invariably convertible 
into inhalation intervals. It requires less time to inhale a quantity of air 
than it takes to consume it in speaking. And oftentimes the quantity in- 
haled is so oppressive or excessive as to require exhaling during the pause 
interval, as is frequently seen in persons of a nervous disposition. 

2. Tables of measurements of expiration intervals. 

Table XIII. 
{^Poetry.) 



Subject. 


a 


/ 


a 


e 


c 


n 


J. W. R. 


2.6o 


0.98 


037 


-1-4.77 
— 0.48 


+ 


27 


E. W. S. 


I.i8 


0.22 


0.18 


4-2.31 
— 0.41 

1 


+ 


35 


A. D. B.A 


0.75 


0.28 


0.37 


-I-1.73 
— 0.14 


+ 


15 


A. D. B.B 


1. 00 


0.37 


0.37 


-f 2.16 
— 0.25 


+ 


8 


W. W. 


1.06 


0.37 


0.34 


^ 2.62 
18 


+ 


38 


A. R. P. 


1.26 


0.45 


0-35 


-f 1.90 
— 0.12 


— 


5 


J. K. 


2.15 


0-35 


0.16 







2 


I. M. 


2.39 


^'ZZ 


0.13 







2 


K. H. K. 
H. 0. 


2.45 
1. 41 


0.06 
0.30 


0.02 
0.21 


+ 2.54 

— 2.31 
-f- 2.02 

— 0.65 


— 


4 
II 


O. S. 
E. H. T.A 
E. H. T.B 


1.87 
1.72 
1.68 


0.12 
0.87 

013 


0.06 
0.50 
07 


-|- 2.12 

— 1.53 

-I-3-45 

— 0.54 

-I-2.00 

— 1.56 


+ 

+ 


7 
4 

4 


Av. 


1.65 


0-37 
Table 


0.24 
XIV. 

PSC. ) 








Subject. 


a 


P 


I 
a 


e 


c 


n 


G. A. A. 

W. L. P. 

C. O. S. 
Av. 


1-37 
1.25 
1.50 
1.37 


0.42 
0.19 
0.72 
0T44 


0.30 

0.15 

0.48 
0.31 


+ 3.00 

— 0.32 
4-1.90 

— 0.12 
4-3-42 

— 0.15 


+ 
+ 
+ 


21 

20 
21 
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Subject. 
C. O. 

w. c. 
s. 

Av. 



Table XV. 
( Poetry read as prose. ) 



0.93 
1.09 
1. 12 



0.36 

0.37 
0.39 



a 
0.38 

0.33 
0.34 



4- 1.60 

— 0.12 
+ 2.50 

— 0.70 
4-2.10 

— 0.32 



4- 
+ 



Subject, 

C. O. 
W. C. 

s. 

Av. 



0.94 0.39 



0.40 



Table XVII. 
( Poetry read as prose without puuctuation marks. ) 



17 
12 

12 



1.04 


0.37 


0.35 










Table XVI. 










{Poetry 


read as poetry.^ 






a 


P 


P 
a 


e 


c 


n 


0.85 


0.35 


0.41 


+ 1.85 
— 0.12 


+ 


17 


0.90 


0.32 


0.35 


4-1.85 
— 0.27 


4 


15 


1.08 


0.50 


0.40 


43.00 
— 0.25 


4 


15 



Subject. 


a 


/ 


a 


e 


c 


n 


G. F. A. 


1. 01 


0.37 


0.36 


-f 2.C0 
— 0.22 


4 


16 


B. S. G. 


0.90 


0.30 


0.33 


-1-2.07 
— 0.25 


4 


16 


Av. 


0.95 


0.33 
Table 


0.34 
XVIII. 












( Prose read as poetry. ) 






Subject. 


a 


/ 


a 


e 


c 


n 


S. 1. 
0. E. S. 


1.07 
1.40 


0.34 
0.66 


0.31 
0.47 


42.25 

— 0.60 

+ 3.46 

— 0.27 


+ 
+ 


9 
9 


Av. 


1.23 


0.50 


0.39 









Table XIX. 
( Table of summaries of expiration intervals of speech, ) 

Tables. a p -- 

a 

XIII. 1.65 0.37 0.24 

XIV. 1.37 0.44 0.31 
XV. 1.04 0.37 0.35 
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XVI. 0.94 0.39 0.40 

XVII. 0.95 0.33 0.34 

XVllI. 1.23 0.50 0.39 

Av. 1. 19 0.40 0.34 

Unit of measurement, I'; a, average duration; /, immediate probable enor; 

p 

—f relative immediate probable error; t, extreme intervals; c, character of greater 
a 

extreme. 

3. Observations. — The study is based on 362 measurements. 

Extreme intervals. — Of the 362 intervals the longest is 4.77*; the 
shortest, o. 1 2' ; a range of 4.65'. 

Character of greater extreme. — 72 per cent, of the intervals which devi- 
ate the farthest from the average are extremes of excess, 19 per cent, of 
deficiency, and 8 per cent, are equal. The tendency in about three- 
fourths of the cases is to lengthen unduly, rather than shorten, the expira- 
tion intervals. 

Average duration — (i) For the series. The average for the 362 inter- 
vals is 1 . 1 9'. 

(2) For the sets. The longest average of any set of records is 1.65". 
Table XIII., poetry; the shortest, 0.94", Table XVI., poetry read as 
poetry. This gives a range of o. 7 1'. 

The average of the set of prose records, Table XIV., is 1.37V This is 
0.28' less than for the corresponding set of records of poetry. Table XIII. 

The set for poetry read as prose without punctuation marks, Table 
XVIII., affords the second shortest interval, 0.95'. It is o.oi' longer than 
for poetry read as poetry. The number of inter\'als is about the same in 
both tables. 

The reading of the poetical passage as prose, Table XV., test records, 
resulted in lengthening the interval. The difference is o. lo'. This is in 
disagreement with the result noted above, that the expiration interval in 
reading poetry is longer than in reading prose. The discrepancy may be 
explained by the circumstance that the passage when read as prose was 
unfamiliar to the subject. This would entail a retarded utterance. 

The intervals of the test records where prose was read as poetry, Table 
XVIII., are longer than in any of the other three test records. 

( 3 ) For the records . — The highest average duration of any single record 
is 2.60', J. W. R., Table XIII., reading .scansion; the lowest, 0.75'; 
Table XIII. , A. D. B.^, poetry; a range of 1.85'. The range for the 
records is 2.60 times larger than for the sets; and the range for the indi- 
vidual intervals is 2.51 times larger than for the records. 

The greatest difference between the averages of two different records of 
the same subject is o. 19' ; the smallest, 0.04' ; a range of o. 15'. 
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Regularity — ( i ) Far the series. The average inequality for the series 
of records is 0.40*. This is 34% of length of the average. 

(2) For the sets. The highest degree of irregularity is 40%, Table 
XVI., poetry read as poetry; the lowest, 24%, Table XIII., different 
types of scansion of poetry ; a range of 16%. 

In units of time, the greatest irregularity is 0.50' (Table XVIII.) ; the 
lowest, 0.33" (Table XVII.) ; a range of 0.17'. 

The irregularity was 5% smaller in the records where poetr}- ^^as 
read as prose than in the records of the same passages read as poetry. 
The regularity for poetry read as prose without punctuation marks is 
greater than either ; it is unexpectedly high. 

The regularity for the records of scanned |K)etry is noticeably greater 
than for any other set. 

( 3 ) For the records. — The greatest absolute irregularity of any individual 
record, J. W. R., Table XIII., poetr)-, is 0.98', or over one-thini of the 
average length of the intervals ; the lowest, ignoring the Per^an record 
where the verse and expiration groups are coincident, is o. 1 a*, O. S. , Table 
XIII., routine scansion ; a range of o.86V This is ^\^ times the range 
existing between the sets of records. 

The highest amount of relative irregularity is 50^ ; the lowest 6% ; a 
range of 44%. This range is 2^ times thtj range existing between the 
sets. 

In the selections of the test read as prose and poetry, the amount of 
irregularity is higher, both absolutely and relatively, for the poetic ren- 
dering. This is at variance with Tables XIII. and XIV. A like discrep- 
ancy was noted above between the set of test records and those of prose 
and poetry. The discrepancy calls for explanation. May we assume the 
existence of a special talent for reading poetry, distinct from the ability 
to properly read prose? Some persons discourse elocjuently on scientific 
themes, but make a botch of reciting poctrv. 

The greatest difference in the dilTcrfnl roc onls recited by the same 
person is 6% ; the smallest, 2% ; n range of ,|'/„, whirh is exceedingly 
small. 

4. Results.— Th^ length of \hv rHpiiMlioii iiilindl ol onlitmry speech 
may be presumed to lie HonirwIiiMr mtiiin \\\v llmiti mI tibout 0.12' 
and 4. 77'. In impassioned otutoiy itir u|i|m'I lliiiil \s\\\ ividcntly be 
overreached; the lower liinif jt) n-liMivrty lUnl (.uri»iH«' unciuphatir 
syllable = o.ii'). 

About 72 per cent, of the rii|iii»H)oii liihiViiU of hp«'rt h which 
deviate the farthest from llir \miu\h\\ o» «vrfuji« iii{rt\til rtic rxticincM of 
excess; about 19 jxrr mhi,, of drfii U'Im y \ mimI mImmiI M per < cut. arc e<iual. 
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The length of the average expiration interval of speech will be approxi- 
mately i-^". 

The difference in the length of the average expiration intervals of or- 
dinary speech of different speakers is limited to about 1.85*. 

As between the length of the average expiration interval of prose and 
poetry, the evidence suggests that the interval is slightly longer in the 
declamation of poetry. The explanation suggested is, (a) that the in- 
tervals in poetry tend to become unities coterminous with the verses (the 
average verse interval is about 2.26 times longer than the average expira- 
tion interval) ; and (^) that the more lyrical and impetuous emotions of 
poetic diction result in prolonging the intervals. The latter circumstance 
should obtain equally in impassioned prose. 

The average length for the same person reciting the same lines on dif- 
ferent occasions is not the same. The difference varies roughly from 0.04* 
(smallest difference) to 0.19' (largest difference). 

The inequality in the length of successive expiration intervals will be 
equal to about one -third of the length of the average. 

In units of time, the range in the inequality of the expiration inter- 
vals of different speakers will be about o.86' (from 0.12' to 0.98'). 

As a fraction of the average, the range of the inequality for different 
speakers will be about 44% (from 6% to 50%). 

The regularity for the same person reciting the same passages on dif- 
ferent occasions is not the same. It varies from something like 2% 
to 6%. 

As between prose and poetry, the evidence suggests that the regularity 
is slightly higher for the latter. 

The elimination of punctuation marks does not seem to increase the 
irregularity. 

Accepting provisionally 10 per cent, as the criterion, the coordination 
of the lengths of expiration intervals of speech is rhythmical in 12 per 
cent, of the records. 

5. Interpretation of results. — What is the psychological import of the 
above results? With what laws of mental precedure can, for example, 
the brevity of the expiration group be correlated ? If we accept as true the 
doctrine of the periodic character of attention/ we find here a fitting illus- 
tration of its applicability to speech. Attention, subjectively considered, 
is detention in consciousness of sensations and other psychical phenomena 
that, through special fixation, have been exalted to a high degree of inten- 
sity, vividness and completeness. But this process of fixating the mind is 
of the nature of a wave or pulsation : it consists in an alternation of max- 

* Ladd, Psychology, Descriptive and Explanatory, 71 fl, New York 1 896. 
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imal and minimal efforts. The period of these attentive efforts has been 
variously given (</! VI., C, 3, above). The average sound group easily 
falls within the extremes. Manifestly, were the laws of attention disre- 
garded in the expiration intervals of speech, the result would be a special 
strain upon the power of attention, resulting in a sacrifice of interest, in 
fatigue and diminished mental grasp. The laws of mental activity seem 1 
to demand that the words in speaking be grouped into short unities that * 
agree, in the main, with the " unity of consciousness ** ; and that frequent, 
though brief, pauses be made to enable the mind to easily grasp and syn- 
thesize this manifold of sensation. 

All this is important as affects the doctrine of conservation of psychical 
— ^not speaking now of physiological — energy. The mind conserves its 
energy by dividing its work into brief, but frequent and forceful, efforts, 
and by introducing brief and frequent, rather than long and infrequent, 
rests. This demand is unconsciously fulfilled in spoken language. The 
frequent pauses afford momentary opportunities for rest for both speaker 
and listener. Hence the possibility of listening attentively to a long dis- 
course. A speaker who easily tires himself and his audience, and fails to 
rise to the full measure of his possibilities, will find here, it would seem, 
a suggestion. 

It appears from our tables that the average duration of the intervals is ) 
less than our average wave of attention ( i ^'). This suggests an explana- 
tion of the phenomenon that the extremes of excess are vastly more 
numerous than the extremes of deficiency. On this supposition, we should 
expect to find, with an average that is rather in excess of the wave of 
attention, a greater number of minus extremes. The theory is suggestive, 
and is offered as an explanatory hypothesis that seems plausible and con- 
sistent with known laws of mental functioning. 

The high degree of irregularity exhibited in the expiration intervals 
makes it evident that a supplementary principle is needed to complete the 
theory advanced above, namely the principle of change or variety. 
While the laws of mental behavior require the duration to be limited 
they do not require invariable uniformity of length within the limits. 
Such uniformity would result in intolerable monotony, and would be an- 
tagonistic of the essential rhythm of speech, the centroid rhythm. Hence 
the high degree of inequality displayed in the expiration intervals may 
conduce to restive and pleasing variety. 

The numerical relation of syllables to the normal and maximal expira- 
tion intervals is shown in VI., 5, below. 
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E. Vacant intervals, 

I. Explanation, — A vacant interval in speech is the sequence which 
intervenes between the adjacent termini of two consecutive expiration 
intervals. The interval is entirely void of sound. In contra distinction 
to the gaps which separate different components of a sound or expiration 
interval, these vacancies separate different sound intervals themselves. 
They may be called pauses, every variety of which occurring in uttered 
language is included in the term. In music the terms rest and stop are 
most frequently used. 

The measurements extend from the end of the last or vanishing sound 
of the one interval, to the beginning of the first or appearing sound of the 
following interval. Only the length of successive pauses are compared. 
The rhythmic character of the alternation of vacant intervals and expira- 
tion intervals (roughly the rhythmic action of the lungs in speaking) 
can be obtained by taking both as unities of a series, finding the sum of 
the measurements of both, and the probable error, according to the for- 
mula on p. 39. 



2. Measurements of vacant intervals 

Table XX. 

{Poetry.) 

p 
Subject. a p ^ e 

a 

J. w. R. 0.63 0.19 0.30 ^]:\% 



— 0.18 

E. W. S. 0.43 o.ii 0.25 +°-^7 

•^ — 0.14 

A. D. B.A 0.48 0.23 0.47 jlo {2 

A. D. B.B 0.52 0.19 0.36 "^f!^ 

W. W. 0.57 0.15 0.26 jlo^ 

A. R. P. 0.46 0.17 0.36 jlo ^ 

K. H. K. 0.54 0.06 O.II +°-^ 

— 0.45 

H. 0. 0.46 0.13 0.28 "^-^-^^ 

** — o. 20 

O. S. 0.44 0.09 0.20 ^o 28 
£. H. T.A 0.21 o.oi 0.04 

E. H. T.B 0.21 0.017 0.08 "^^fl 
1 .^___ — o. lo 

Av. 0.45 0.12 0.24 



+ 


25 


+ 


28 


-f 


14 


+ 


7 


+ 


37 


+ 


4 


+ 


3 


+ 


10 


+ 


7 




3 


+ 


3 



\ 
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Table XXI. 








{Prose,) 




Subject. 


a 


P 


a 


e 


G. A. A. 


0.57 


0.14 


0.24 


-f I.17 
— 0.15 


c. 0. S. 


0.40 


0.16 


0.40 


+ 0.97 
— 0.17 


W. L. P. 


0.72 


0.28 


0.38 


+ 145 
— 0.20 



Av. 0.56 0.19 0.34 

Table XXII. 
{Poetry read as prose. ) 



Subject, 


a 


/ 


a 


e 


J. M. T. 


0.39 


0.12 


0.30 


-f-0.60 
— 0.10 


c. 0. 


0.43 


0.13 


0.30 


+0.79 
•—0.12 


W. C. 


0.71 


0.28 


0.39 


+1.25 
—0.12 


S. 


0.67 


0.22 


0.32 


+1.32 
—0.12 


Av. 


0.55 


0.18 


0.32 








Table XXIII. 






{P 


'oetry read as poetry. ) 


Subject. 


a 


/ 


a 


e 


J. M. T. 


0.62 


0.15 


0.24 


+0.91 
—0.16 


c. 0. 


0.44 


0.13 


0.29 


+0.73 
—0.18 


W. C. 


0.68 


0.22 


0.32 


+1.20 
—0.22 


S. 


0.62 


0.18 


0.29 


+I.I2 
—0.17 


Av. 


0.59 


0.17 


0.28 





+ 


30 


+ 


«9 


+ 


10 



— «4 

+ 16 

— 11 

+ " 



C ft 

— 14 

+ «6 

+ " 

+ 14 



Table XXIV. 
{Poetry read as prose without punctuation murks.) 



Subject, 


a 


/ 


a 


e 


c 


n 


J. M. T. 


0.35 


O.IO 


0.28 


-fo.60 
—0.14 


+ 


17 


G. F. A. 


0.47 


0.15 


o.3« 


+0.71 
— 0.17 


+ 


15 


B. S. G. 


0.44 


0.15 


0.34 


-fo.87 
—0.12 


+ 


15 


At. 


0.42 


0.13 


0.31 
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Table XXV. 










(P 


rose read as poetry, ) 


1 






Subject. 


a 


' i 


e 




n 


S. I. 


0.40 


o'4 0.35 _^Jy 


f 


8 


O. E. S. 


0.43 


0.09 0.20 z^A 


•f 


8 


Av. 


0.41 


O.I I 0.27 

Table XXVI. 
{Summaries. ) 










TabUs. 


a p 


t 
a 








XX. 


0.45 0.12 


0.24 








XXI. 


0.56 0.19 


0.34 








XXII. 


0.55 0.18 


0.32 








XXXIII. 


0.59 0.17 


0.28 








XXIV. 


0.42 0.13 


0.31 








XXV. 


0.41 O.II 


0.27 







At. 



0.44 



0.15 0.29 



Unit of measurement, l* ; a, average duration ; /, immediate probable error ; 
p 
—, relative immediate probable error; e^ extreme intervals; c, character of greater 

extreme ; n, number of intervals. 

3. Observations. — ^The tables afford a study of 238 pauses. 

Extreme intervals. — The W. L. P. record, colloquial prose, Table 
XXL, contains the longest individual interval, of the entire series, 1.45'; 
The J. M. T. record, Table XXII., poetry read as prose, the shortest, 
o.io'; a span of 1.35'. 

The second longest is 1.32', poetry read as prose. Where poetry was 
read as prose without punctuation marks, the length of the longest inter- 
val does not exceed 0.87'. Several intervals occupy 0.12*. 

Doubtlessly the longest extreme, especially in conversation, is frequently 
exceeded. These measurements do not include stops, such, for example, 
as are made in lecturing to students taking notes, in collecting one's wits, 
in deliberating, etc. 

Character of greater extreme. — 88 per cent, of the extremes are +, 
12 per cent. — , and o per cent. o. (The first are extremes the difference 
between which and the average is greater than the difference between the 
average and the shortest extreme ; the second are extremes the difference 
between which and the average is greater than the difference between the 
average and the longest extremes ; in the third case the extremes of excess 
and deficiency are equal. ) 

Average duration. — (i) For the series. — ^The average length of the 
238 pauses, Table XXVI., is 0.44". 
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(2) For the sets, — The highest average is 0.59% Table XXIII. , poetry 
read as poetry, which is followed by 0.56", Table XXL, prose ; the low- 
est, 0.41*, Table XXV., prose read as poetry; a range of 0.18'. The 
average for the set read without punctuation marks is 0.42*. 

The average for the table of poetry is o. ii' less than for the table of 
prose, whereas in Table XXIII. , poetry read as poetry, it is 0.04* greater 
than in Table XXII. , poetry read as prose. An examination of the four 
tables suggests that the discrepancy might be due to the range in the 
character of the records of Tables XX. and XXI. The former contains 
the shortest average interval, in the record of routine scansion ; the latter, 
the longest, in the record of colloquial prose. Eliminating these extremes, 
the averages will very nearly coincide. 

The duration of the pauses in the set of records of the passage read 
without punctuation marks is 0.08' shorter than for the pauses of the same 
passages reads as prose and poetry with the punctuation marks. The 
average number of pauses for the former set, however, is 15.6, for the 
latter, 13.5, a difference of 2.1. The highest number in any one record 
of the sets, 17, is contained in the Browning passage without the marks ; 
the lowest number, 11, in the Tennyson passage read as prose with the 
marks. In the records of the same passage (Tennyson) without the 
marks the number is 15. 

(3) For the records. — The highest average for any individual record is 
0.7 2', W. P. L., Tablfe XXL, prose, which is followed by 0.71*, W. C, 
Table XXII. , poetry read as prose, and o.68*,W. C, Table XXIII. , poetry 
read as prose ; the lowest is 0.21', E. H. T.a and b.. Table XX., routine 
scansion, which is followed by 0.35', J. M. T., Table XXIV., poetry read 
as prose without punctuation marks; a range of 0.51'. The range for 
the records is 2.73 times the range for the sets ; and the range for the in- 
dividual intervals is 2.64 times the range for the average intervals of 
the records. In the passages that were read by the same subject on two 
different occasions the highest difference is 0.23* (J. M. T.); the lowest, 
o.oi* (C. O.); a range of 0.22'. 

Absolute irregularity, — (i) For the series, — The irregularity in the co- 
ordination of the duration of the intervals of the series. Table XXVI. , is 
0.15*. 

(2) For the sets. — The highest amount is 0.19", Table XXL, prose; 
the lowest, o.ii'; Table XXV., prose read as poetry; a range of 
o.o8'. 

The average for Table XXIII. , poetry read as poetry, is o.oi* smaller 
than for Table XXII. , the same passages read as prose. Table XXIV., 
where the punctuation marks were lef^ out, is more regular than either. 
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The poetry records, Table XX., are 0.07' more regular than the prose 
records. Table XXI. 

(3) For the records, — The highest is 0.28', W. L. P., Table XXI., 
prose, and W. C., Table XXII., poetry read as prose; the lowest, o.oi". 
Table XX., E. H. T.a, routine scansion ; a range of 0.27*. This is ap- 
proximately three and one-half times the range for the sets. 

Relative irregularity, — (i) For the series. The average is 299&. 
Table XXVI. 

(2) For the sets. — ^Table XXI., prose, contains the highest percentage 
of irregularity, 34%; Table XX., different types of scansion, the lowest, 
24% ; a range of 10%. 

The inequality for the set where poetry was read as i>oetry, Table 
XXIII., is 4% smaller than for the sets where poetry was read as prose. 
The reading of the passages without the punctuation marks is i % more 
regular than the former. The pauses in Table XX., poetry, are 10% 
more regular than in Table XXI., prose. 

(3) For the records, — The largest amount of irregularity in any record 
is 47%, A. D. B., Table XX.; the smallest, 4% ; making the extent of 
the range 43%. This is 4.30 times the range existing between the dif- 
ferent sets of speech pauses. 

The largest difference in the regularity of the pauses of the different 
records of the same person is 7%, W. C, the lowest, 1%, C. O.; a 
range of 6%. 

The irregularity in the Tennyson stanzas of Tables XXII. and XIII., is 
greater than in the Browning stanza. In Table XXII. the difference is 
5%, and in Table XXIIL, 4%. This result appears anomalous. 
Metrically the verses of Tennyson are superior to the verses of Browning, 
both as regards the alternation of centroids and the scarcity of sectional 
pauses. The explanation, probably, is that the subjects W. C. and S. are 
more irregular in their j)auses than J. M. T. and C. O. 

4. Results. — The range of duration for the pauses of speech was ap- 
proximately 1.35' (from o.io* to 1.45'). This should hold for ordinary 
pauses. 

Of the greater extreme deviations of pauses from the length of the 
average pause, approximately %% % are extremes of excess, \2 ^0 extremes 
of deficiency, and o % equal extremes. 

The duration of an average pause in speech is approximately 0.44'. 

As between prose and poetry, the difference in the average duration is 
inconsiderable. This was apriori to be expected. The amount of rest 
required in both cases is the same. The pause is a physiological and 
psychological resting period. 
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The range in the duration of the average pauses of a given number of 
reciters will perhaps be about J^* (from o.2i* to 0.72*). 

The elimination of punctuation marks slightly increases the number, 
and decreases the average duration of pauses. 

The duration of the average pause of the speech of the same person 
on different occasions is never exactly the same. It will vary ordinarily 
from about o.oi* (smallest difference) to 0.23' (largest difference). 

The longest and shortest averages are found, apparently, in colloquial 
prose and routine scansion, respectively. 

The average irregularity in the length of pauses in speech is equal to 
approximately 0.15', or about 30% of the average duration. 

In respect to units of time, the amount of irregularity in the pauses 
of different speakers will vary within the limits of about o.oi' and 0.28* 
(a range of 0.27'). 

In respect to the length of the average, the irregularity of the pauses 
of a given number of persons will be limited to a range of about 43% 
(from 4% to 47%). 

The coordination of the lengths of pauses is slightly more exact in 
poetry than in prose. 

The elimination of punctuation marks, apparently, does not tend to 
increase the inequality of the coordinaton. 

The regularity is most exact in routine scansion. 

With a provisional criterion of 10 per cent, of permissible inequality, 
approximately 8 per cent, of the records of pauses of speech are rhythmi- 
cally coordinated in length. 

5. Distribution of the pauses in poetry, — ExplancUion, — A sectional 
pause is a vacant interval that occurs within a verse ; a terminal pause, 
one that occurs at the end of a verse — that is, between two verses of 
poetry. The former is an intra-verse, the latter an inter-verse, pause. 

The term sectional pause has been applied to the pauses of such poetry 
as contains intra-verse punctuation marks. A given verse may frequently 
contain one or more, or none of these. By some writers the term is lim- 
ited to what is technically designated the ''caesura," which is defined 
as a mid- verse pause occurring within a foot. In the sense in which the 
word is here employed it denotes any pause, given in the records, occur- 
ring within a verse. 

The phrase ** end-stopped line ** is employed to denote a verse which 
is separated from the following verse by a punctuation mark. A " run-on 
line " is one that is not thus separated. In the run-on verses the punctu- 
ation mark is generally shifted to the first part of the following verse, 
where the pause should logically occur. I'he records present a variety 
of both kinds of verses. 
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The term terminal pause, in preference to the uncouth term end-line 
pause, will be employed to signify any pause that separates verses, 
whether run-on or end-stopped. 

We shall tabulate the measurements under these two heads. 

Measurements of — 

(a) Sectional pauses. 

Table XXVII. 
{^Poetry,) 



Subject, 


d 


a 


/ 


a 


''i 


«i 


J. W. R. 


340 


0.48 


0.16 


0.33 


7 


7 


E. W. S. 


0.16 


0.16 






I 





A. D. B. 


4.37 


0.33 


O.IO 


0.30 


13 


4 


W. W. 


12.61 


0.54 


0.15 


0.27 


23 


14 


A. R. P. 


0.20 


0.20 






I 





H.O. 


0.77 


0.25 


0.03 


0.12 


3 





O. S. 













2 


Av. 


3.58 


0.32 


O.II 


0.25 


6.8 


3- 






Table XXVIII. 










{^Poetry read 


as prose,] 


A. 






Subject, 


d 


a 


P 


P 

a 


[^ 


«» 


J. M. T 


390 


0-35 


0.12 


0.34 


II 


8 


C. O. 


4.85 


0.37 


O.II 


0.29 


13 


8 


W. C. 


1.57 


0.31 


O.II 


0.35 


5 


2 


S. 


1.92 


0.38 


O.II 


0.28 


5 


2 


Av. 


306 


0.35 


O.II 


0.31 


8.5 


5 






Table XXIX. 










{^Poetry read 


as poetry. ) 






Subject. 


d 


a 


P 


P 
a 


«i 


«« 


J. M. T 


6.22 


0.37 


0.15 


0.40 


II 


8 


CO. 


5.16 


0.39 


0.12 


0.30 


13 


8 


W. C. 


2.22 


0.44 


0.15 


0.34 


5 


2 


S. 


3.80 


0.47 


0.13 


0.27 


8 


2 


Av. 


4.35 


0.41 


13 


0.32 


9.2 


5 






Table XXX. 










{^Prose read i 


as poetry. ) 






Subject. 


d 


a 


/ 


P 
a 


«i 


«f 


S. I. 


1.27 


0.25 


0.03 


0.12 


5 


3 


0. E. S. 


1. 81 


0.36 


0.05 


0.13 


5 


3 



Av. 1.54 0.30 0.04 0.12 



Researches on the rhythm of speech. 



89 



Table XXXI. 
(Poetry read as prose without punctuation marks, ) 

d a p ^ n 

^ a 



Subject. 



J. M. T. 


5-45 


0.38 


0.09 


0.23 


14 


G. F. A. 


6.15 


0.47 


0.15 


0.31 


13 


B. S. G. 


4.00 


0.50 


I. 19 


0.38 


8 



Av. 



5.20 0.45 



0.14 



0.30 1 1.6 



Table. 

XXVII. 

XXVIII. 

XXIX. 

XXX. 



Table XXXII. 
{Summaries of sectional pauses of poetry, ) 

d a p ^ " 

a 



3.58 
3.06 

4.35 
1.54 



0.32 

0.35 
0.41 

0.30 



0.1 1 
O.II 

0.13 
0.04 



0.25 
0.31 
0,32 
0.12 



6.8 

8.5 
9.2 

5- 



3.8 
5. 
5. 
3- 



Av. 3.13 0.34 0.C9 0.25 7.37 4.2 
Unit of measurement, I*, d., total duration ; a^ average duration ; /, immediate 

probable error \ -> relative immediate probable error ; ifj, number of pauses ; n^ num- 
ber of punctuation marks. 

(b) Terminal pauses. 

Table XXXIII. 

{Poetry,) 



Subject. 


d 


a 


/ 


a 


«i 


«i 


J. W. R. 


16.60 


0.77 


0.25 


0.32 


21 


20 


E. W. S. 


12.00 


0.44 


O.II 


0.25 


27 


22 


A. D. B. 


6.02 


0.75 


0.24 


0.32 


8 


5 


W. W. 


8.64 


0.61 


0.13 


0.21 


14 


«3 


H. 0. 


3.87 


0.55 


0.10 


0.18 


7 


5 


0. S. 


2.93 


0.42 


0.09 


0.21 


7 


5 


A. R. P. 


i.6a 


0.54 


0.16 


0.S9 


3 


3 


Av. 


7.38 


0.58 


0.15 


0.25 


12.4 


10.2 






Table XXXIV. 










( Poetry read as prose. ) 






Subject. 


d 


a 


/ 


P 
a 


«i 


«i 


J. M. T. 


1.62 


0.54 


0.06 


O.II 


3 


3 


c. 0. 


2.12 


0.70 


0.05 


0.07 


3 


3 


W. C. 


6.37 


1.06 


O.IO 


0.09 


6 


6 


S. 


5.52 


0.92 


0.16 


0.17 


6 


6 



Av. 



3.90 0.80 0.09 



O.II 



4.5 4.5 
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Table XXXV. 
( Poetry read as poetry, ) 



Subject. 


d 


a 


/ 


a 


«i 


«i 


J. M. T. 


2.31 


0.77 


0.05 


0.06 


3 


3 


CO. 


2.25 


0.56 


0.15 


0.26 


4 


3 


W. C. 


6.02 


0.86 


0.20 


0.23 


7 


6 


S. 


4.95 


0.82 


0.12 


0.14 


6 


6 



Av. 



3.88 0.75 0.13 0.17 5 4.5 

Table XXXVI. 
( Prose read as poetry. ) 



Subject. 


d 


a 


/ 


p 

a 


«1 


«i 


S. I. 


1.95 


0.65 


0.07 


O.IO 


3 


3 


0. E. S. 


1.75 


0.58 


0.06 


O.IO 


3 


3 


At. 


X.85 


0.61 


0.06 


O.IO 


3 


3 




Table XXXVII. 








{^Poetry read cu prose without punctuation marJks,) 




Subject. 


d 


a 


/ 


a 


«i 


»i 


J. M. T. 


0.62 


0.20 


0.03 


0.15 


3 


3 


G. F. A. 


1.02 


0.51 


0.24 


0.47 


2 


3 


B. S. G. 


2.62 


0.37 


O.IO 


0.27 


7 


6 


Av. 


1.42 


0.36 


0.12 


0.29 


4 


4 




Table XXXVIII. 










(Summaries of terminal pauses 0/ poetry.) 




Table. 


d 


a 


/ 


P 
a 


«i 


«a 


XXXIII. 


7.38 


0.58 ( 


D.I5 < 


3.25 


12.4 


10.2 


XXXIV. 


390 


0.80 ( 


0.09 ( 


D.II 


4.5 


4.5 


XXXV. 


iM 


0.75 


0.13 ( 


D.I7 


5 


4-5 


XXXVI. 


1.85 


0.61 < 


3.o6 i 


3.10 


3 


3 



Av. 



425 



0.68 



O.IO 



0.15 



6.22 5.55 



Unity of measurement, i'. d^ total duration ; a, average duration ; /, immediate 
probable error ; — , relative immediate probable error; Wj, number of pauses; «,, number 
of punctuation marks. 

Comparison of tables. — The study is based on 129 sectional pauses 
and 73 sectional punctuation marks ; and on 122 terminal pauses and 114 
terminal punctuation marks. This is exclusive of Tables XXXI. and 
XXXVII., poetry read as prose without punctuation marks. 

Numerical relation of pauses to punctuation marks. — It is a trite obser- 
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vation, enforced by an examination of the records, that punctuation marks 
and pauses do not invariably coincide, and that pauses frequently occur 
irrespective of any visible symbol of punctuation. Furthermore, the 
tables warrant the assertion that the number of pauses, both sectional and 
terminal, exceeds the number of punctuation marks. That is to say, 
while, as the records show, the number of punctuation marks exceeds the 
number of correlative punctuation-mark pauses, the number of non-punc- 
tuation-mark pauses is so large that, for poetry in general, the pauses out- 
number, quite considerably, the marks. 

The proportion of the number of sectional pauses to sectional punctua- 
tion marks is as 5.37 : 4.2 ; of terminal pauses to terminal punctuation 
marks, 356.22:5.55. In other words, the pauses occurring within the 
verses are 1.75 times more frequent than the corresponding punctuation 
marks; and those following, 1.12 times more frequent than the corre- 
sponding punctuation marks. 

The highest number of sectional pauses occurring in any record is 23, 
W. W., Table XXVII., where there are fourteen punctuation marks for 
eighteen verses of Byron's Childe Harold. In several records the sectional 
pause, as well as punctuation mark, is entirely lacking. 

The proportion of the number of terminal punctuation marks to sec- 
tional punctuation marks is as 5.55 : 4.2, or as 1.33 : i. 

While the punctuation mark is thus, for a given variety of verses, gener- 
ally largely of inter-verse occurrence, in certain kinds of verse structure 
it is exclusively a matter of inter-verse occurrence ; yet in other cases the 
sectional punctuation marks are predominant. (As instances, see W. W. 
and C. O. records for the latter, and E. W. S., A. R. P. and H. 0. records 
for the former). 

The number of pauses occurring within the verse is proportioned to the 
number occurring at the end of the verse as 7.37 : 6.22, or as 1.18 : i. 

The proportion bet^veen the number of sectional and terminal pauses is 
thus smaller than the proportion between the number of sectional and 
terminal punctuation marks. Whereas the number of sectional punctua- 
tion marks is smaller than the number of terminal punctuation marks, the 
number of sectional pauses is greater than the number of terminal pauses. 
These facts may be interpreted as signifying that a certain artificiality 
obtains in the distribution of the punctuation marks in verse. The tend- 
ency is to unwarrantably eliminate the marks from the interior of the line. 
In reading, the deficiency of punctuation marks is restored by introducing 
extra sectional pauses. The tendency of the former should be to preserve 
the rhythm and obscure the thought, of the latter, to disturb the rhythm 
and elucidate the thought. Both principles find application in the records 
cited above. 
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The number of sectional pauses in Table XXVIII. is smaller than in 
the corresponding table (XXIX.), where the rendering was purposely 
poetical. This, possibly, explains why the latter does not sound more 
distinctly poetical than the former. Where the selections were read 
without punctuation marks, the number of sectional pauses, relatively to 
the number of punctuation marks in the corresponding records of Tables 
XXVIII. and XXIX., was increased. The number of terminal pauses, 
however, remains, relatively to the number of punctuation marks, the same 
as in the prose and poetry rendering of the same passage. 

Relative total duration, — The average aggregate duration. Table XXXII. , 
of the sectional pauses sustains the proportion to the terminal pauses 
(Table XXXVIII.) of 3.13': 4.25% or as 1:1.35. ^^ respect of number 
of pauses the proportion is reversed — namely as 1.18:1. That is, while 
the number of sectional pauses is approximately 20% higher than the 
number of terminal pauses, the duration of the sectional pauses is ap- 
proximately 33% less than the duration of the terminal pauses. The 
difference in duration is thus larger than the difference in number. 

The most notable exception is afforded by Tables XXXI. and XXVII., 
where the proportion of the duration of the sectional pauses to the 
terminal pauses is as 3.66: i. The selection from Bryon, and the passages 
from Browning and Tennyson, also differ in this regard, the former 
(Browning) having the greater mass of silence within, the other (Ten- 
nyson) without, the verses. This suggests important considerations with 
reference to the metrical quality of the verses of the two types of poetry. 
The relatively greater number and aggregate duration of the sectional 
pauses tends to jeopardize the unity of the verse, and to cause to coalesce 
rather than segregate as distinct wholes, the successive verses. When the 
bulk of silence is thrown between, instead of within, the verses, they 
must needs stand forth in consciousness as unified groups of presentation 
complexes. 

Relative average duration. — The duration of the average sectional 
pause is proportioned to that of the terminal as 0.34": 0.68", or as 
1:2. In other words, the average terminal pause of a series of struc- 
turally different verses was precisely twice as long as the average sectional 
pause. 

As has been suggested, this subordination of length of the sectional 
to the terminal pause, is probably the most potent principle of the segre- 
gation of verses into distinct groups. 

The records in which the verse intervals most pronouncedly appear as 
distinct wholes are those in which the terminal pauses are predominant in 
the number of occurrences and in the quantity of duration (cf. E. W. S., 
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O. S., A. R. P., H. 0., and E. H. T. records). In the records in 
which this principle of subordination is violated, the unity of the verse 
interval is perceptibly disturbed (cf. W. W. record). When the prin- 
ciple of subordinating the sectional to the terminal pauses is reversed, 
the verse loses its character as a distinct unitary group. This is instanced 
in all the records where the punctuation marks were left out. 

The observance of this principle largely gives the character of poetry to 
the passages that were read as prose. These passages with doubtful rhythm, 
sound more like poetry than prose. In feet, from this point of view, 
they are rather more poetical than the corresponding readings of the selec- 
tions as poetry. Examination of the two series of records shows the fol- 
lowing : the average sectional pause is o. o6' shorter in the table ( XXVIII. ) 
for poetry read as prose than in the table (XXIX. ) for poetry read as poetry ; 
the terminal pause, o. 05' longer. Naturally, we would expect the sectional 
pause to be shorter in the distinctly poetical renderings. 

The observance of the rule of subordinating the length of the sectional 
to terminal pauses in the prose rendering of the set of test record, sug- 
gests that the structural (organic) and the logical pause arrangement in 
the verses coincide. Where the selection was printed as prose, no sug- 
gestions from the verse arrangement of the words could tend to make the 
terminal pauses longer. They were prolonged, evidently, because the 
subject felt that at those points in the sequence of words a long pause 
should naturally — because representing to the hearer a large stop or tran- 
sition in the thought — be made. To preserve the integrity of the verse, 
the larger transitions in thought should be so arranged as to coincide with 
the terminal pauses. In the records of W. W. and J. M. T. this rule is 
not observed. The result is that the verses are split up and lose their 
unity, to retain which they would have to be scanned in such a fashion as 
to involve a sacrifice of thought. As between the two, the average 
reader prefers sacrificing rhythmical perfection to impairing the distinct 
articulation of the thought. 

The introduction of the ** caesura " illustrates the same principle. The 
difference between the length of the caesuras and the terminal pauses in 
the records is less than the difference between the other sectional pauses 
and the terminal pauses. The tendency of the caesura is to split the verse 
up into two unities. The caesural and the terminal punctuation marks 
should both coincide with naturally large thought transitions, to preserve 
the unity of the verse interval. 

The subordination of pauses in verse finds its parallel in prose. The 
pauses beti^'een sentences are longer than those contained within sentences. 
The average for all kinds of pauses in prose (Table XXI.) is 0.56'. . The 
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average for the pauses at the end of sentences is i.2iV (The records 
afford only seven instances.) The relation is as 1:2.16. 

The difference between the two is, that the terminal pauses of poetry 
are relatively equidistant. In prose the sentence may be of a great variety 
of lengths ; hence the terminal pause in prose is not nearly so periodically 
recurrent as in poetry. This constitutes the essential difference, which is 
so easily heard, between the pauses of prose and poetry. 

All the records are in complete agreement with the principle of pause 
subordination, except two of the records of Table XXXI. , prose without 
punctuation marks, where the average of the sectional pauses is o. 45'. The 
pauses of these records, according to the judgment of the ear, are placed 
with hesitancy and diffidence. 

Regularity, — ^The absolute regularity of the two series differs only by 
0.0 iV The relative inequality of the terminal pauses is 15%; of the 
sectional 25%. The terminal pauses are one and two-thirds times as reg- 
ular as the sectional. 

The regularity is higher in the prose reading of the test than in the 
corresponding reading of the passages as poetry. 

The lowest inequality for any set of records of sectional pauses is \^%^ 
Table XXX., prose read as poetry, the highest, 329^, Table XXIX., 
poetry read as poetry ; a range of 20%. 

The lowest inequality for the terminal pauses is 10%, Table XXXVI., 
prose read as poetry; the highest 29%, Table XXXVII., poetry read as 
prose without punctuation marks; a range of 19%. 

The lowest degree of irregularity for any record of sectional pauses is 
12%, records of H. O. and S. I; the highest, 40%, J. M. T.; a range 
of 28%. 

For terminal pauses the lowest is 7%, C. O. ; the largest 47%, G. F. 
A., the record without the punctuation marks ; a range of 40%. 

The range for the individual records of sectional pauses is 8^ larger 
than the range for the sets ; and, of the terminal pauses, 21^0 larger. 

Results — 

The number of pauses of all kinds in recited poetry is generally greater 
than the number of punctuation marks. 

The number of punctuation -mark pauses is frequently if not generally 
slightly less than the number of punctuation marks, in recited poetry. 

The proportion of the number of pauses to punctuation marks varies 
according as they are sectional or terminal. In respect to the sec- 
tional pauses, there were approximately 7 for every 4 punctuation marks ; 
and for the terminal pauses, approximately 10 for every 9 punctuation 
marks. 



Researches on the rhythm of speech. 95 

The terminal punctuation marks for a varied collection of verses seem to 
be about i^ times the frequency of the sectional punctuation marks. 

The frequency of sectional pauses, for a variety of verses, is approx- 
imately i^ times that of terminal pauses. Most punctuation marks, for a 
variety of verses, seem to be terminal ; most pauses, sectional. 

The combined length of the terminal pauses is approximately i y^ times 
that of the sectional pauses. In some verses, however, the aggregate 
length of the latter may be approximately 3^ times that of the former. 

The average terminal pause in a variety of verses is about twice as long 
as the average sectional pause. 

The subordination of sectional to terminal pauses helps largely to unify 
the verses into distinct wholes. 

The terminal pauses of poetry occur, with a high degree of regularity, 
at relatively equidistant points ; those of prose, at indefinite distances. 
The length of sentences in prose admits of nominal coordination ; of 
verses in poetry, of a high degree of coordination. The latter may, 
and often do, become rhythmical ; the former never or rarely do. 

Removing punctuation marks reverses the rule of subordination : the 
terminal pauses become subordinate to the sectional. The latter are 
increased in both length and frequency when compared with records of 
the same selections with the marks ; the former remain relatively the same. 
This reversal tends to destroy the unity of verse intervals. 

The irregularity of the terminal pauses of poetry is about 15% of the 
average duration; of the sectional, 25%. The former are about i^ 
times more regular than the latter. This suggests that sectional pauses 
are a more important disturbing factor of the rhythm of verses than 
terminal. 

The irregularity of the sectional pauses for different persons langes 
from about 12% to 40% (28%); of the terminal pauses, from about 
7% to 47% (40%) of the average. 

Accepting 10% as the limit of inequality for rhythmical unitSy none 
of the records of sectional pauses, and only 25% of terminal pauses, axe 
rhythmically coordinated in length. 

6. The time value of punctuation marks. 

Two divergent views have obtained: Complete lawlessncflB xeigm 
among the different punctuation marks with respect to their- relative 
time value ; and, they may be arranged in a scale of values, whetber or 
not the temporal and logical values correspond. 

The tables are arranged in two groups : punctuation-mark peuses, and 
non- punctuation -mark pauses. The former correspond, in the records, 
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with the symbols which occur between the same words in print. These 
symbols were directly perceived, perhaps vaguely, as the selections were 
read ; and were pictured perhaps, consciously or unconsciously, to the 
imagination, when the words were recited without looking at the printed 
page. 

The term non-punctuation-mark pauses, however uncouth, indicates 
pauses in the records between the words of which there are no punctua- 
tion marks upon the printed page. These pauses are of two kinds: 
those purely accidental, and those conducive to emphasis. The latter 
may be emotional or logical. These add clearness and emphasis to the 
thought. This is not true of the fortuitous ; they tend rather to ob- 
cure. In the table the division into logical and emotional is disre- 
garded. A punctuation mark may frequently be inserted where they oc- 
cur. The division into accidental and emphasis has been made by the 
judgment of the experimenter's ear, on the basis of the context or the 
mode of delivery. Terminal non-punctuation-mark pauses have gener- 
ally been regarded as emphasis pauses. 

Measurements of punctuation-mark pauses. 

Table XXXIX. 

(;) 



Subject. 


d 


a 


/ 


P 
a 


n 


J. W. R. 


1-79 


0.89 


0.03 


0.03 


2 


E. W. S. 


2.52 


0.63 


O.I I 


0.17 


4 


A. D. B. 


2.33 


1. 16 


0.00 


0.00 


2 


A. R. P. 


1.20 


0.60 


0.21 


0.35 


2 


G. A. A. 


0.57 


0.57 






I 


W. L. P. 


1. 16 


1. 16 






I 


C. O. S. 


2.27 


0.75 


0.12 


0.16 


3 


\v. c. 


2.27 


I.13 


0.05 


0.04 


2 


S. 


1.80 


0.90 


0.16 


0.17 


3 


S. I. 


1.42 


0.71 


0.00 


0.00 


2 


O. E. S. 


1.28 


0.64 


0.00 


0.00 


2 


W. C.x 


2.47 


123 


0.00 


0.00 


2 


S.A 


1.77 


0.88 


0.08 


0.09 


2 


Total 


22.85 








28 


At. 




0.86 


0.07 


0.09 
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Table XL. 



Subject, 


d 


a 


/ 


a 


n 


W. L. P. 


1.45 


1.45 






I 


G. A. A. 


372 


0-93 


O.IO 


O.IO 


4 


C. 0. S. 


0.90 


0.90 








O. S. 


0.62 


0.62 








H.O. 


0.82 


0.82 








C. O. 


0.62 


0.62 








J. M. T. 


0.87 


0.87 








C. O.A 


0.64 


0.64 








Total 


9.64 








II 


Av. 




o.8^ 


O.IO 


O.IO 









Table 


XLI. 












(,- 


•) 








Subject. 


d 


a 




P 


P 

a 


n 


W. W. 


1.66 


0.83 




0.00 


0.00 


2 


W. L. P. 


1. 12 


1. 12 








I 


J. M. T. 


1-45 


0.72 




0.03 • 


0.04 


2 


c. 0. 


1.06 


0.53 




0.00 


0.00 


2 


Total 


5.29 








, 


7 


Av. 




0.80 











Subjtct. 

J. W. R. 
W. W. 
W. L. P. 
J. M. T. 

C. O.B 

C. O.^ 

Total 
Av. 





Table XLII. 




(«) 


d 


a 


1. 10 


1. 10 


5-37 


0.76 


1.87 


0.93 


1.64 


0.54 


2.02 


0.67 


1.8s 


0.61 



1385 



0.77 



0.05 

0.58 

0.19 
0.03 
0.14 

0.19 



a 

0.06 
0.62 

0-35 
0.04 

0.22 
0.26 



I 

7 

2 

3 
3 
3^ 

19 
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Table 


XLIII. 










(: 


,) 




A 




Su^jfct, 


d 


a 




P 


a 


n 


J. W. R. 


10.29 


0.68 




0.19 


0.28 


«5 


E. W. S. 


5.43 


0.49 




0.02 


0.04 


II 


A. D. B. 


4.64 


0.66 




0.16 


0.24 


7 


W. W. 


7.56 


0.47 




0.12 


0.25 


16 


H. 0. 


1.47 


0.49 




0.05 


O.IO 


3 


O. S. 


1. 81 


0.45 




0.09 


0.20 


4 


G. A. A. 


6.20 


0.48 




0.09 


0.18 


13 


W. L. P. 


3-77 


0.75 




0.21 


0.28 


5 


C. O. S. 


1.70 


0.42 




0.13 


0.30 


4 


J. M. T. 


2.06 


0.68 




0.06 


0.08 


3 


C. O. 


1. 12 


0.28 




0.07 


0.25 


4 


W. C. 


4.75 


0.79 




0.13 


0.16 


6 


S. 


4.50 


0.75 




0.13 


0.17 


6 


S. I. 


0.87 


0.29 




0.03 


O.IO 


3 


0. E. S. 


1. 12 


0.39 




0.02 


0.05 


3 


C. O.A 


2.70 


0.45 




0.09 


0.20 


6 


W. C.A 


4.67 


0.77 




0.21 


0.27 


6 


s.^ 


4.77 


0.79 




0.21 


0.26 


6 


Total 


69-43 










121 


Av. 




0.56 




0.1 1 


0.18 








Table 


XLIV. 










(- 


-) 








Sui>ject. 


d 


a 




/ 


a 


n 


E. W. S. 


1.75 


0.43 




0.09 


0.20 


4 


J. M. T. 


0-57 


0.57 








I 


S. I. 


0.52 


0.52 








I 


O. E. S. 


0.46 


0.46 








I 


C. 0. 


0.66 


0.66 








I 


Total 


3-96 










'8 


Av. 




0-53 




0.09 


0.20 








Table 


XLV. 










(: 


) 








Stthject. 


d 


a 




P 


a 


ft 


E. W. S. 


0.60 


0.30 




0.06 


0.20 


2 


C. O. S. 


0.57 


0.28 




0.15 


0-53 


2 


II. O. 


0-37 


0-37 










W. L. P. 


1. 10 


1. 10 










C. O.B 


0.45 


0.45 










J. M. T. 


0.62 


0.62 










C. O 


0.56 


0.56 











Total 
Av. 



4.27 



0.52 



O.IO 



0.36 
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TabU. 



Table XLVI. 
(^Summaries for punctuation-mark pauses') 
. . . / 





XXXIX 


I * 1 


22.85 




XL. 


I • 1 


9.64 




XLL 


(.-) 


5.29 




XLH. 


(!) 


13.85 




XLIIL 


\» / 


69.43 




XLIV. 


(-) 


396 




XLV. 


(0 


4.27 




Total 




129.29 




Av. 






Unit of measurement, i". 


d. 


duration. 






«, 


average duration. 



0.86 
0.85 

0.80 

0.77 
0.56 

0-53 
0.52 

0.70 



0.07 
o.io 

0.19 

O.II 

0.09 
0.10 

O.II 



0.19 



n 



a 




0.09 


27 


O.IO 


II 




7 


0.26 


19 


0.18 


121 


0.20 


8 


0.36 


9 



202 



/, immediate probable error. 

— , relative immediate probable error. 

», number of punctuation marks. 



Measurements of non-punctuation-mark pauses. 

Table XLVIL 



Subject. 


d 


J. W. R. 


2.14 


E. W. S. 


I. II 


A. D. B. 


2.45 


W. W. 


4.07 


A. R. P. 


0.42 


0. S. 


0.34 


H. 0. 


1.95 


W. L. P. 


2.68 


G. A. A. 


0.87 


C. 0. S. 


2.02 


J. M. T. 


0.58 


CO. 


0.95 


W. C. 


0.90 


S. 


1.42 


S. L 


0.60 


0. E. S. 


0.43 


Total 


22.93 


Av. 





{Emphasis) 

a p 

0.42 0.15 

0.27 0.07 

0.27 O.IO 

0.50 0.17 
0.42 

0.34 

0.39 0.13 

0.44 0.15 

0.43 003 

0.25 0.04 

0.29 O.II 

0.23 0.05 

0.30 0.05 

0.47 0.16 

0.30 0.02 

0.43 

0.36 0.09 



/ 

a 

0.35 
0.25 

0.37 
0.34 



0.33 
0.34 
007 
0.16 

0.37 
0.21 

0.16 

0.34 
0.06 



5 

4 

9 
8 

I 

I 

5 

6 

2 
8 

2 

4 
3 

3 

2 

I 
64 



0.25 



lOO 
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Table XLVIII. 







(^Accidental) 


1 






Subject. 


d 


a 


P 


a 


n 


J. W. R. 


0.47 


0.23 


0.06 


0.26 


2 


E. W. S. 


0.31 


0.15 


0.00 


0.00 


2 


A. D. B. 


0.93 


0.31 


0.04 


O.I2 


3 


W. W. 


0.95 


0.47 


0.00 


000 


2 


A. R. P. 


0.20 


0.20 






I 


0. S. 


0.31 


0.31 






I 


W. L. P. 


0.54 


0.27 


0.00 


0.00 


2 


C. 0. S. 


0.27 


0.27 






I 


J. M. T. 


0.91 


0.91 






I 


CO. 


1. 00 


0.50 


0.14 


0.28 


2 


W. C. 


0.32 


0.32 






I 


s. 


1.02 


0.34 


0.15 


0.44 


3 


O. E. S. 


0.25 


0.25 


• 




I 


Total 


7.48 








22 


At. 




0..'?4 


0.05 


o.iq 





Table XLIX. 
(Summaries of non-punctuation-mark pauses) 



Table. 

XLVII. (Emphasis) 
XLVIII. (Accidental) 

Total 
Av. 

Unit of measurement, I*. 
o, average duration. 



22.93 
7.48 



30.41 



a 



, relative immediate probable error. 



a 

0.36 
0.34 



0-35 



0.09 
0.05 

0.07 



/ 

a 

0.25 

0.15 
0.20 



n 

64 
22 

86 



dy total duration. 

/, immediate probable error. 

n^ number of pauses. 



Results. — Two hundred and eighty-eight pauses were measured, 202 
punctuation -mark and 86 non-punctuation-mark. Unfortunately several 
of the punctuation-marks occurred so infrequently as to render some of 
the results entirely provisional. Far more measurements are needed. 

In respect to the frequency of pauses occurring in speech, approxi- 
mately 75 per cent, are punctuation-mark pauses. The balance are non- 
punctuation -mark pauses. In the records, 60% of the former, were 
commas, 13% semicolons, 9% exclamation-marks, 5% periods, 4% 
colons, 3% dashes and 3% comma-dashes (,-). The records of poetry, 
although more numerous than those of prose, contain : of semicolons 
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66%, periods 45%, comma-dashes 86%, exclamation-marks 87%, com- 
mas 72%, colons 62%, and dashes 75%. This may possibly indicate 
that the periods are more abundant in prose, and the exclamation-marks 
and comma-dashes in poetry. 

About 75% of the non-punctuation-mark pauses are emphasis pauses. 
These tend to contribute strength and perspicuity to, and the accidental 
pauses to detract these from, the thought of the sentences. The ac- 
cidental pauses, as was to be expected in rational, coherent speech, are 
very rare (about 7% of all pauses). 

Apparently, over 40% of the pauses of speech are comma pauses. 
The relative frequency of the different punctuation marks differs some- 
what for poetry and prose, and for different styles of writing. 

The punctuation-mark pauses in the records occupy about 80 % of the 
aggregate duration of all kinds of pauses. Of the former, commas 
occupy 53% ; .semicolons, 17% ; exclamation-marks, 10% ; periods, 
7% ; comma-dashes, 4% ; colons, 3% ; and dashes 3%. The time 
subordination corresponds with that of freqliency, but the percentages do 
not exactly correspond. 

The time value of the average punctuation-mark pause is about twice 
that of the non-punctuation-mark pause (former in records =so.7o*;^ 
latter = o.35»). 

The shortest average punctuation -mark pause (:) is seemingly longer 
than the longest average non-punctuation-mark pause. The difference 
was about o.i6'. Only nine of the former were measured. It may be 
somewhat uncertain. 

The longest average punctuation-mark pause is considerably longer 
than the shortest average punctuation-mark pause [about 0.34*; from 
0.52- (:) too.86*(;)]. 

The average accidental and emphasis pauses appear to be about equal 
in length (range, 0.02*). 

The duration of an average punctuation-mark pause of spoken poetry 
and prose is about 0.70'. 

Punctuation marks differ in respect to the time which they occupy in 
speech, both absolutely and relatively. Generally, no two consecutive 
punctuation marks, of the same or different kind, are exactly coordinated 
in length. The longest and shortest averages of the tables are as fol- 
lows: semicolons, 1.23', and 0.57' (range, 0.66') ; periods (Table XL.), 
1.45' and 0.62' (range, 0.83') ; comma-dashes (Table XLL), 1.12" and 
0.53' (range, 0.59') ; exclamation-maiks (Table XLIL), i.io' and 0.54" 
(range, 0.56") ; commas (Table XLIIL), 0.79' and 0.28' (range, 0.51") ; 
dashes (Table XLIV.), o. 66* and 0.43' (range, 0.23') ; and colon pauses 
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i.io*and 0.37' (range, 0.73'). The range for the three punctuation- 
mark pauses of greatest frequency follows the subsumption according to 
the average duration : it is greatest for the semicolon, and least for the 
comma, pauses. The difference in the ranges of these is 0.15*. 

The average lengths of different punctuation marks obey a rule of 
subordination, more or less indefinite in details. In the main, we can 
arrange them in three groups: (i) the semicolon and period.; (2) the 
exclamation-point and comma-dash; and (3) the comma, dash and 
colon. The interrogation point presumably belongs to one of the first 
two. The approximate value of the first group is o.86', of the second, 
0.78', and the third, 0.53*. No fixed line of demarkation exists be- 
tween the groups. The difference between ( I ) and (2) (it is possible 
to combine them into one) appears less marked than between (2) and (3). 

The regularity of punctuation and non-punctuation-mark pauses is 
about equal. The average amount of irregularity is approximately o. lo', 
or 19% of the average duration. 

Apparently, commas are more irregular than semicolons. Exclama- 
tion-marks are doubtful, owing to extreme irregularity of W. L. P. 
The frequency of the other punctuation-marks is insufficient to justify 
any conclusions. 

The range of irregularity for the punctuation -mark pauses of a given 
number of speakers is, in units of time, about o. 19" (from 0.02" to 0.21"); 
and, as a fraction of the average, about 50% (from 3% to 53%). This 
is slightly larger than for non-punctuation mark pauses (0.15*, or 38%). 

Accepting tentatively the 10% criterion, 43% of the semicolons, 40% 
of the exclamation-marks, 28% of the commas, 15% of the emphasis 
pauses and 0% of the accidental pauses, are rhythmically coordinated in 
length. The figures for the comma and emphasis pauses are the most 
trustworthy. 

The concept of the punctuation mark. — Upon the printed page it is a 
symbol, like any other character of type, meaningless apart from an 
interpreting mind. Through experience, it acquires a definite connota- 
tion just like any of the letters. 

Every character upon the page has a twofold significance for speech : 
it represents a physiological and a psychological process. The latter is 
conditioned upon a presentation of sense ; and is translated into a defi- 
nite motor innervation as soon as it is apperceived. When the characters 
are letters, in isolation or in combination, the apperception of a letter or 
word expresses itself in a definite adjustment of the larynx, giving rise 
to a definite sound. 

Similarly, punctuation marks are meaningless presentations until 
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• 
apperceived. They acquire a definite meaning according to the way the 

contours differ. The significance of any cognate characters depends 

upon such distinguishing traits of contour. A . and a ;, just as an ^ and 

a r, are connected with distinct apperceptions. 

As interpreted presentations (apperceptions), punctuation marks 
denote breaks or transitions in the continuity of the thought and differ- 
ences in the quality or character of the pause. A period denotes the 
termination of a single wave (pulse or oscillation) of thought ; a semi- 
colon, a ripple in the wave without being a break ; and the comma, a 
minor ripple. The two latter are a species of subordinate waves com- 
prehended in the unity of the whole wave. There are several such 
species of thought- waves, e. g. , those of declaration, interrogation, excla- 
mation. In the main, the different punctuation marks have as fixed a 
signification for thought as do the letters of the alphabet. 

Finally, as motor resultants they denote physiological processes differing 
according as the marks and the character of the waves of thought differ. 
The physiological differences are threefold : (^i) As to modulation. The 
pitch of the voice varies according to the character of the sign. This is a 
subject for special research. {2^ As to timbre. This is specially noticeable 
in the bracket and parenthesis (or in the parenthetical commas), question- 
mark and exclamation-mark. This subject also merits special investiga- 
tion. (3) As to the pause. This is perhaps the most obvious difference. 
Punctuation marks, physiologically considered, are pauses, the average 
length of which varies for the different marks, as has been shown 
above. 

It is largely upon the basis of these three characteristics, that a listener 
can punctuate the speech of a lecturer, who is observing in his speech, 
evidently unconsciously, the laws of the physiology of the punctua- 
tion mark. 

Hence a given punctuation mark is on the one hand a visible symbol, 
directly perceived by the eye, or represented to the imagination — how- 
ever vaguely — which signifies to the reader a turn or break in the move- 
ment of thought ; and, on the other, an auditory image which, as a 
moment in the physiological process of speech, is distinguished by 
changes in duration of pause, in pitch and quality of sound. In these 
respects it is a mental item, representing quantitative and qualitative 
peculiarities. 

F. O roid intervals. 

By a centroid interval is iderstood the interim, spatial upon the 
page to the eye, temporal i* .peech to the ear, which stretches between 
two successive centroids, / ., from centroid a, to centroid ^, from cen- 
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troid b to centroid r, and so on. Hence every centroid interval in- 
cludes one centroid. 

According to BrCckb the centroid interval lies between two " Arscn- 
gipfeln'' ; according to Minor, it begins with the syllable standing in 
arsis ; and according to Meyer/ when the beginning of the arsis coin- 
cides with the beginning of a syllable, and the end of the thesis with 
the end of a syllable, the limits of the foot and syllable coincide. 
Meumann ' and Bolton ' find experimentally that accented sounds oc- 
cupy the first place in the interval. Our measurements extend as 
nearly as possible between two successive centroids. 

In music the centroid interval is popularly designated a bar ; in poetry, 
a foot or a measure ; and in prose it has no distinctive name. 

The centroids of speech and music are, as centroids, one and the 
same. The intervals between them are also as intervals, identical. All 
centroids can be subsumed under the laws of centroid composition ; all 
the intervals, under those of centroid-interval composition. 

Hence the term centroid interval is applicable to all sorts of human 
utterance — poetry, prose and music. No justification exists for drawing 
hard and fast lines between either the centroids or centroid intervals of 
these, although slight differences may, and do, obtain between the regu- 
larity of the intervals and the relation of the elements in the centroids 
of poetry, prose and music. 

The composition of centroid inten^als. — Only two kinds of materials can 
enter into their composition — sounds and silences, or syllables and 
pauses. A centroid interval may be composed purely of a sound- 
plenum, though not of a pause-plenum. It must always contain a certain 
quantum of sound. 

Centroid intervals consisting of sounds, or syllables^ only may be 
called sound-centroid interi'ais ; those of sounds and silences, or syllables 
and pauses, composite- centroid intervals, 

Sound-centroid intervals may be divided into the following varieties : 
(i) I -syllable \xi\Qvwd\s. Here the centroid syllables are directly con- 
tiguous ; no unemphatic syllable or pause intervenes between them. 
Hence the interval consists simply of one centroidal syllable. The 
existence of such intervals has been both denied* and affirmed.* The 



'Meyer, Bdtrdgc zur dcutschen A/e/n'/t^ ,NeuGre Sprachen, 1898 VI 136-138. 

2 Meumann, (Jnlersuchungen zur Psychologie und Aestlutik dis RhythmuSy Philos. 
Stud., 1894 X 303. 

3 Bolton, Rhythm, Am. Jour. Psych., 1893 VI 222. 

«ABH<»Tr ANh Sp:ei.ey, English lessons for English People, 154, Boston 1880. 
5MAYt>R, Chapters on English Metre, III, London 1886. 
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records furnish numerous instances of this type. (2) 2-synab/e, con- 
taining an intervening syllable, or one centroidal and one non-centroidal 
syllable. (3) y syllable, composed of one centroidal and two non-cen- 
troidal syllables. (4) ^-syllable, consisting of one centroidal and three 
non-centroidal syllables. (5) $-sy liable centroid intervals, consisting 
of one centroidal and four non-centroidal syllables. These are exceed- 
ingly rare ; the number in the records is too small for purposes of study. 
GuRNEY* holds that no centroid interval can be composed of more than 
one centroidal and four non-centroidal syllables ; and Mayor,* that even 
three consecutive syllables without a metrical accent is impossible. 

The composite- centroid intervals may be divided as follows: (i) 
\ -pause -I -syllable intervals, consisting of one pause in addition to the 
centroidal syllable. (2) \-pause'2'Sy liable , consisting of one pause, one 
centroidal and one non-centroidal syllable, the pause preceding or follow- 
ing the unemphatic syllable. (3) i-pause-T^ syllable , composed of one 
pause, one centroidal atid two non-centroidal syllables. (4) i-pausc-^- 
syllable, composed of one pause, one centroidal and three non-centroidal 
syllables. (5) i-pause-y syllable, containing one pause, one centroidal 
and four non-centroidal syllables. 

The records furnish instances, too scant for purposes of study, of other 
modes of composition, such as 2 -pause- 2 -syllable, and 2 -pause- 1 -syllable 
centroid intervals. 

The lengths of each variety of the two groups of centroid intervals were 
measured. 

Results, — The study is based on 69 i -syllable, 238 2-sy liable, 47 
3-syllable and 12 4-syllable intervals. 

The average duration of the sound- centroid intervals of speech is about 
0.51'. This is about the same as Martins' period for subjective rhyth- 
misation (0.50'). The average for the i -syllable intervals was 0.32' ; for 
the 2-syllable, 0.44"; for the 3-syllable, 0.62'; for the 4-syllable, 0.69". 

Any I -syllable interval occurring in speech may be presumed to fall 
within the limits of about 0.14" and 0.56" (range, 0.42"); any 2-syllable, 
within 0.1 8' and 0.79' (range, o.6i'); and any 3-syllable, within 0.37' 
and 0.97' (range, 0.60"). (For the 4-syllable interval the measurements 
are insufficient). Any one of the different varieties may be presumed to 
fall within 0.14" and 0.97' (range, 0.83"). 

The range for the averages of different records is about as follows : For 
i-syllable intervals, o.i8* (from 0.25' to 0.43'); for 2syllable, 0.17' 
(from 0.36" to 0.53"); for 3-syllable, 0.40" (from 0.49' to 0.89"); and 



*GURNEV, The Power of Sound, 433, London 1880. 
'Mayor, Chapters on English Metre, III, London 1886. 
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Measurements of sound- centroid intervals. 

Table L. 

I'Syllable sound-centroid intervals. 



Subject. 


a 


/ 


a 


e 


c 


n 


J M. T. 


0.28 


0.05 


0.17 


+ 0.45 
— 0.14 


+ 


14 


C. 0.1, 


0.25 


0.05 


0.20 


+ 0.43 
— 0.16 


+ 


14 


W. W. 


0.31 


0.05 


0.16 


-f 0.47 
— 0.18 


+ 


17 


E. W. S. 
A. 1). B.i 


0.40 
• 0.27 


0.03 


0.07 







2 
2 


G. A. A. 


0.30 


0.05 


0.18 


+ 0.47 
— 0.22 


■ 4- 


5 


W. L. P. 


0.29 


0.07 


0.24 


4- 0.41 
— 0.22 


+ 


3 


C. 0. S. 


0.36 


0.08 


0.22 


-f 0.50 
— 0.20 




5 


S. I. 


0.38 


0.05 


0.13 


+ 0.47 


4- 


3 


O. E. S. 


0.43 


0.05 


0.1 1 


— 0.32 
-f 0.56 


+ 


4 




0.32 


0.05 


0.16 • 


—0.34 


— 




Av. 










Ta 


BLE LI. 












2-syliabie sound-centroid intervals. 






Suhject. 


a 


P 


P 
a 


e 


c 


n 


J. M. T. 


0.46 


0.08 


0.17 


+ 0.75 


-h 


17 


C. O. 


0.36 


0.06 


0.16 


— 0.25 

+ 0-54 

— 0.18 





14 


S. I. 


0.43 


0.04 


0.09 


--0.52 


4- 


6 


O. E. S. 


0.48 


0.09 


0.18 


— 0.35 
-- 0.65 

— 0.21 




8 


W. W. 


0.42 


0.07 


0.16 


--0.66 
— 0.20 


4- 


42 


A. D. B..4 


053 


O.IO 


0.18 


-0.79 


-h 


6 


E. W. S. 


0.44 






— 0.31 




60 


G. A. A. 
W. L. P. 


0.41 
0.41 










33 
26 


C O. S. 


0.52 










26 



Av. 0.44 0.07 0.15 
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Table LII. 










3 


-syllable sound- centr old intervals. 






Subject. 


a 


P 


P 
a 


e 


c 


n 


W. W. 

E. W. S. 


0.72 
0.49 


0.08 
0.04 


O.II 

0.08 


-+-O.97 
— 0.58 
+ 0.56 


+ 


5 
12 


A. D. B.i 


0.56 


0.14 


0.25 


— 0.37 
+ 0.79 


+ 


3 


G. A. A. 


0.51 


0.05 


0.09 


— 0.37 
4-0.62 




10 


W. L. P. 


0.60 


0.08 


0.13 


— 0.37 
-f 0.70 




4 


c. 0. S. 


0.63 


0.08 


0.12 


— 0.41 

+ 0.75 




8 


S. I. 


0.61 


0.06 


0.09 


— 0.37 
-f 0.70 




3 


0. E. S. 


0.89 






— 0.50 




2 


Av. 


0.62 


0.07 


0.12 













Table LII I. 












4'Syllable sound-centroid intervals. 






Subject. 


a 


P 


a 


e 


c 


n 


J. M. T. 


0.72 










I 


C. 0. 


0.60 










I 


G. A. A. 


0.65 


0.02 


0.03 


4-0.70 
— 0.62 


4- 


3 


W. L. P. 


0.68 


0.08 


O.II 


+ 0.77 
— 0.54 


— — 


3 


c. 0. S. 


0.83 










2 


S. I. 


0.62 










I 


0. E. S. 


0.78 
0.69 


0.05 


0.07 






I 


Av. 







Unit of measurement, i'. 

tf, average duration. 

/, immediate probable error. 

p 
, relative immediate probable error. 



Cy extreme intervals. 

r, character of greater extreme. 

n^ numl)er of intervals. 
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Measurements of composite- centroid intervals. 







Table LIV. 










/-pause- 


/•syllable comp.site-ceniroid intervals. 






Subject. 


a 


P 


P 
a 


e 


c 


n 


E. W. S. 


0.74 


O.II 


0.14 


4- 1. 12 
— 0.52 


4- 


II 


A. D. B.i 


0.66 










I 


W. W. 


0.98 


0.14 


0.14 


4-1.47 
— 0.72 


4- 


II 


J. M. T.(7 


0.92 


0.08 


0.08 


4- 1.04 
— 0.77 


— 


5 


C. 0,.B 


0.64 


0.16 


0.25 


4- 1.02 
-0.43 


4- 


6 


W. L. P. 


1.34 


0.19 


0.14 


+ 1-75 
— 1. 00 


4- 


5 


C. O. S. 


0.75 


0.32 


0.42 






2 


S. I. 


0.47 










I 


O. E. S. 


0.65 










I 



Av. 0.68 0.16 0.19 







Table LV. 










/-pause- 


2-S) liable 


composite- centroid intervals. 






Subject. 


a 


P 


P 
a 


e 


c 


// 


E. W. S. 


0.71 


0.08 


O.II 


4-0.89 
— 0.50 


— 


13 


A. D. B. 


1.07 


0.28 


0.26 


+ 1.68 
— 0.70 




7 


W. W. 


0.91 


0.17 


0.18 


+ i.66 
— 0.56 


+ 


25 


J. M. T.c 


0.79 


0.15 


0.19 


-- 1.04 
— 0.47 




7 


c. O.^ 


0-75 


013 


0.17 


4-1.06 
— 0.43 




10 


G. A. A. 


0.95 


0.17 


0.17 


+ 1.47 
— 0.62 




14 


W. L. P. 


1.26 


0.20 


0.15 


+ 1.66 
0.68 


-- 


7 


c. 0. S. 


0.78 


0.21 


0.26 


+ 1-45 
— 0.47 


4- 


II 


S. I. 


0.82 










2 


0. E. S. 


0.90 










3 


Av. 


0.89 


0.17 


0.18 
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Subject. 



Table LVI. 

I 'Pause-j' syllable composite-centroid intervals. 

p 

a p ^ e 

a 



n 



E. W. S. 


0.75 










2 


A. D. B.i 


0.82 


0.25 


0.30 


+ 1.35 


+ 


4 


W. W. 


1.31 






—0.45 




I 


G. A. A. 


0.86 


0.34 


0-39 


+ 1.47 
— 0.50 


-f 


3 


W. L. P. 


0.90 


0.15 


0.16 


+ 1.29 
— 0.70 


+ 


5 


C. 0. S. 


0.92 


0.14 


0.15 


-»- 1.25 


4- 


4 


S. I. 


0-75 






— 0.77 




I 


Av. 


0.91 


0.22 


0.25 













Table 


LVII. 










i-pfiuse 


'4'Syllable 


composite-ientroid intervals. 






Subject. 


a 


P 




P 

a 


e 


c 


n 


G. A. A. 


1.05 


0.15 




0.14 


-\- 1.30 


+ 


3 


W. L. P. 


1-93 








— 0.85 




I 


S. I. 


0.95 


0.21 




0.22 







2 


0. E. S. 


1.04 


0.13 




0.12 







2 


Av. 


1.24 


0.16 




0.16 









Table LVIII. 

r-pause-j'Syllable composite-centroiJ intervals. 



Subject. 


a 


P 


P 
a 


n 


S. I. 


1.02 


0.21 


0.20 


2 


0. E. S. 


1.26 


0.07 


05 


2 



Av. 1. 14 

Unit of measurement, I*. 

a, average duration 

/>, immediate probable error. 

--, relative immediate probable error. 



0.14 



0.12 



e, extreme intervals. 
Cy character of greater extreme, 
w, number of intervals. 
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for 4-syllable intervals, o.23* (from 0.60* to 0.83*). The range appears 
to be highest for the average 3- syllable intervals. 

The length of the average sound-centroid interval is invariably pro- 
portioned to the number of syllables of which it is composed. This is 
true alike of the reading scansion of poetry and prose. Single intervals 
frequently depart from this nile. 

The addition of a syllable to sound- centroid intervals increases their 
average duration about 30%. The addition to the 3-syllable interval 
appears to result in the smallest, and to the 3 -syllable, in the largest 
increment. (Average 2-syllable, 37% longer than i-syllable; 3-syl- 
lable, 40 ^0 longer than 2-syllable; 4-syllable, 11% longer than 3-syl- 
lable. ) 

The difference between the lengths of the different intervals appears 
to be very slightly larger in poetry than in prose. 

No sound- centroid intervals are of precisely the same length. The 
average inequality of the four kinds is about o.o6*, or a trifle over 12% 
of the duration. Apparently it is very slightly smaller for the longer 
than the shorter intervals. 

The extreme deviations of the i -syllable (y^fc = +, 11% = —, 
11% = o) and 2-syllable (66% = -f , 16% = — , 16% = o) intervals 
are predominantly extremes of excess. For the others (for 3-syllable, 
28% = +, 71% = — ) the predominant extremes are liable to be those 
of deficiency. Of all the varieties, 58% were extremes of excess, 33 % of 
deficiency, and 9% were equal. 

The 2-syllable interval is the predominant sound-centroid interval of 
speech. This is true alike of prose and dactylic and trochaic verse. 
(For poetry and prose, 65% = 2-syllable ; 18%, i syllable ; 13%, 
3-syllable; 3%, 4-syllable). The 5-syllable and 4-syllable are the 
most infrequent. They seem to be less frequent in poetry than in 
prose. 

According to the criterion of 10% of irregularity, 11% of the 
I -syllable, 16% of the 2-syllable and 43% of the 3-syllable sound-cen- 
troid intervals were rhythmically coordinated in length. The large per- 
centage for the 3-syllable may indicate that centroid intervals of about 
0.65* are most easily rhythmized. For all varieties of sound-centroid in- 
tervals the figure is about 25%. 

The study of the composite intervals is based on the measurement of 
43 I -pause -I -syllable, 99 i-pause-2 -syllable, 20 i-pause-3-syllable, 8 
i-pause-4-syllable and 4 I -pause- 5 -syllable intervals. 

The average duration of the five varieties of these intervals in speech 
was about 0.97'. 



Researches on the rhythm of speech. 1 1 1 

It seems to be larger in proportion to the number of syllables of which 
the interval is composed. This rule meets with many variations in the 
individual records. 

The difference between the averages of all the i -pause- 1 -syllable and 
the I -pause- 2 -syllable intervals was o.2i*; between the latter and the i- 
pause- 3 -syllable, 0.02'. 

Any single one of the five varieties occurring in ordinary speech may 
be presumed to fall within the limits of 0.43' and 1.93' (a range of 
1.50"). The range for the different varieties decreased progressively 
as the number of components increased. [Extremes for i-pause-i- 
syllable=i.75* and 0.43' (range, 1.32'); for i-pause 2-syllable=i.66* 
and 0.43* (range, 1.23"); for i-pause-3-syllable=i.47* and 0.45* 
(range, 1.02') ; for i-pause-4-sy liable = 1.93' and 0.85' (range, 
i.o8').] 

The longest and shortest averages were: for the i -pause- 1 -syllable 
interval, 1.34* and 0.47" (range, 0.87') ; for the i -pause- 2 -syllable, 
1.26* and 0.71" (range, 0.55"); for the i -pause -3 syllable, 1.31' and 
0.75' (range, 0.56'). The different records of the same* person, as well 
as those of different persons, gave a wide range of differences for the 
lengths of the different averages. 

Approximately 80% of the extremes of the i -pause- 1 -syllable, and 
62% of the I -pause- 2 -syllable intervals were extremes of excess. The 
balance were deficiency extremes. Of all the different varieties, 
about 70% were extremes of excess, 20% of deficiency and 10% of 
equality. 

No intervals are of equal duration. The average inequality for the 
five different modes of composition was about 0.17", or 18% of the 
duration. 

The most frequent mode of composition, both in prose and in poetry, 
was the i- pause -2 -syllable. It was about 8% more frequent in the records 
of poetry than in those of prose (52% of all modes). 

The I -pause-5 -syllable, followed by the i-pause-4-syllable, was the most 
infrequent mode of collocation. Both were less frequent in poetry than in 
prose. (In records of prose, the former = 4%, the latter 11%; in those 
of poetry both = 0%. ) 

On the basis of the 10% standard, 16% of the 1 -pause -i -syllable, 
6% of the I -pause -2 -syllable and 9% of all composite-centroid intervals 
are rhythmically coordinated. 

Comparison of sound centroid and composite-centroid intervals, — The 
average composite-centroid interval of speech occupies about 1.90 tiroes 
more time than the sound-centroid interval. 
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The extremes of both are predominantly extremes of excess, the per- 
centage for the composite being about 1.20 times higher than for the 
sound-centroid intervals. 

The range for a given composite interval of speech is likely to be about 
1.80 times larger than that for a given sound-centroid interval. 

The latter is relatively one and a half times more regular than the 
former. 

The difference in the length of the several modes of composition of 
the two kinds of intervals is more pronounced, and less variable, in the 
case of the sound-centroid intervals. 

In both, the 2-syllable mode of composition (over 50% of all modes) 
occurs most frequently and the 5- and 4-syllable combination least fre- 
quently. 

(^) -^The distribution of the syllables of centroid intervals, — Modes of 
distribution. In the i -syllable interval, the centroid extends throughout 
its entire length. This interval is customarily called a spondee. The 
definition of this as ** a foot consisting of two equally accented syllables," 
is based upon the misconception that a centroid interval consists of more 
than one centroid. When the components of a series of intervals are 
equally strong (are real centroids as the theory supposes) each cen- 
troid constitutes a so-called foot : there is no reason for including two 
centroids in the interval, rather than three or four, or all in a spondaic 
verse. The spondee of prosody is thus based upon a misconception and 
a certain arbitrariness. The spondee, to mean anything, should signify 
a I -syllable centroid interval; and as signifying this, it may be a con- 
venient term. It is arbitrary and unwarranted to include two centroid 
intervals in one interval. 

The I -syllable interval is limited to short sequences. In long ones the 
tendency is to so emphasize certain of the centroids as to make the others 
subordinate. 

The 2-syllable interval admits of two situations : (i) a non-centroidal 
followed by a centroidal syllable (the iambus, — ). Here the centroid 
closes the interval, unlike the next; (2) a centroidal followed by a 
non-centroidal syllable (the trochee, — ). 

The components of the 3 -syllable interval admit of this distribution : 
(i) two non-centroidal syllables followed by one centroidal (the ana- 
pest, - - -) \ (2) one centroidal followed by two non-centroidal syl- 
lables (the dactyl, - - -) ; (3) one non-centroidal, one centroidal and 
one non-centroidal syllable (the amphibrach or amphiambus, • — -). 

In the 4-syllable interval this distribution is possible: (i) one cen- 
troidal followed by three non-centroidal syllables; (2) three non-cen- 
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troidal syllables followed by one centroidal. This interval appears to be 
generally the opening interval of a sequence. No names have been 
applied to these two modes ; (3) one centroidal, two non-centroidal, fol- 
lowed by one centroidal syllable, (the choriamb, - - ^ — , in ancient pros- 
ody). This mode is spurious, if the centroidal syllables are genuine 
centroids. 

Bearing on the conceptions and nomenclature of prosody, — Our treatment 
of the centroid and centroid interval suggests two general lines of criticism. 

First, as long ago pointed out by Shelley,' the distinction between 
*' measured" and "unmeasured" speech is unscientific. Both prose 
and poetry contain centroids and centroid intervals, following the same 
laws of composition and distribution. It is inadmissible to restrict the 
application of "measure" or "foot" to poetry alone. Centroid 
intervals pervade all uttered language. 

Second, as pointed out by Gurney, the terms "foot," "measure" 
or "bar" are inapt. "The arrangement of the foot is a mere matter 
of the eye. Nothing can prevent ictus from being ictus. * ' * The funda- 
mental concept of the centroid interval in speech is that of a unitary 
whole, juxtaposed to, and coalescent with, other similar wholes, requir- 
ing a portion of time for the voice to pass over its sounds. These 
intervals between force centers may be called centroid -intervals, bars, 
feet, or measures. But, unless interrupted by pauses, no divisions or 
" bars " exist between them. Nor are centroid -intervals to be conceived 
as a succession of bars of invariable length, nor as "feet" of similar 
length, nor as successive quanta of time conforming to an invariable 
** measure." Moreover, these terms, besides being customarily restricted 
to poetry, are applied with different meanings to classical and modern 

poetry. ' "In English poetry the names of feet denote groups of 

accented and non -accented syllables, without reference to quantity" 
(Abbott and Seeley). On the whole, the term centroid interval seems 
preferable. 

Third, a convenient nomenclature for the different modes of distribu- 
tion of the centroidal and non-centroidal syllables of the intervals is desira- 
ble. The old terminology of prosody is perhaps associated with mis- 
conceptions, as already indicated with reference to the spondee and 
choriamb. 

Fourth, there is no physical distinction between the several types of 
the different modes of distribution. There may be a mental, or felt, 

* Shelley, A Defense of Poetry, Works, VII 6, London 1880. 

* Gurney, The Power of Sound, 426, London 1880. 

* £llis, The Quantitative Pronunciation of Latin, 5, London 1874. 
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difference between the iambus and trochee, and the anapest and dactyl ; 
but physical measurements of them always extend from centroid to cen- 
troid, independently of type differences. The modes of distribution are, 
upon the whole, the same in prose and poetry. Prose, however, observes 
no systematic arrangement of the different kinds of intervals throughout 
the sentences in this respect. In poetry, the verses of a given stanza 
are supposed to consist of intervals of the same mode of distribution, or, 
if of different modes, to follow an orderly arrangement. 

The succession or recurrence of centroid intervals, — As recurrences 
within sequences, they may be divided into two classes. In the complex 
centroid intervals are included all the intervals occurring between the 
first and the last centroid of a given record, irrespective of the composi- 
tion of the intervals. It includes sound-centroid and composite-cent roid 
intervals. 

Simple-centroid intervals include all those occurring within expiration 
groups, or all the varieties of sound-centroid intervals. The latter were 
studied, not as successive members of rhythmical sequences, but as in- 
tervals, whether in isolation or succession, different in composition and 
time- value. 

Each expiration group is an uninterrupted sequence of simple-centroid 
intervals. A pause destroys this continuity. 

A comparison of these two intervals, the one including pauses, the other 
not, will determine the differentia of language rhythm, the function of the 
pause, etc. 

Measurements of complex-centroid intenmls. 







Table 


; LIX. 










( Reading scansion ^ English poetry ) 






Subject. 


a 


/ 


/ 

a 


e 


c 


n 


J. W. R 


0.74 


0.29 


0.38 


1. 81 


-f 


"5 


E. W. S. 


0.52 


0. 10 


0.19 


-f 1. 12 
— 0.25 


-f 


102 


A. D. B.^ 


0.75 


0.25 


033 


-hi.68 
— 0.27 


+ 


24 


A. D. B.^ 


0.72 


0.16 


0.22 


+ 1.47 
— 0.4S 


-h 


16 


W. W. 


0.60 


0.21 


0-35 


4- 1.66 
0.18 


-f 


101 


A. R. P. 


0.51 


0.15 


0.29 


-f 1.20 


+ 


15 










— 0.27 






Av. 


0.64 


0.19 


0.29 
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Table LX. 










(Reading scansion^ Japanese poetry) 






Subject, 


a 


/ 


a 


e 


c 


n 


J. K. 


0.32 


0.06 


0.18 


-f 0.52 
— 0.16 


+ 


13 


I. M. 


0-39 


0.16 


0.42 


4- 1." 
— 0.18 


+ 


14 


iC. H. K. 


0.72 


0.27 


0.37 


+ 1.54 


+ 


15 










—0.31 







Av. 047 0.16 0.32 



Table LXI. 

(Sing-song and doggerel scansion) 

p 
Subject. a p ■- e c n 

H. 0. 0.65 0.16 0.24 -f 1.37 4- 31 

—0.47 

O. S. 0.68 0.13 0.19 +1.31 -|- 28 

— 0.47 



Av. 0.66 0.14 0.21 



Table LXI I. 

(Routine scansion) 

p 
Subject, a P ~ e c n 

E. H. T.i 0.50 0.07 0.14 -fo.70 15 

— 0-31 + 

E. H. T.£ 0.48 0.02 0.04 4-0.58 15 

—0.43 +_ _ 

Av. 0.49 0.04 0.09 



Table LXIII. 

(Summary of complex-centroid intervals 0/ poetry) 



''able. 


a 


P 


a 


LIX. 


0.64 


0.19 


0.29 


LX. 


0.47 


0.16 


0.32 


LXL 


0.66 


0.14 


0.21 


LXII. 


0.49 


0.04 


0.09 


Av. 


0.55 


0.13 


0.22 
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Subject. a 

G. A. A. 0.55 

W. L. P. 0.70 



Table LXIV. 

{Prose) 

P 
0.19 



a 
0.32 



C. O. S. 



0.63 



0.28 



0.17 



0.40 



0.26 



+ 1-47 

— 0.22 

+ '.93 
—0.23 

+ 1.45 

— 0.20 



c 

+ 

+ 
+ 



Av. 



0.56 



0.17 



0.30 



Table LXVI. 

( Poetry read as pi ose without punctuation marks) 



Subject. 
J. M. T. 

C. O. 
Av. 



Table LXVII. 

( Poetry read as poetry y Browptinr verses) 

P 
a p ^ e 

a 
0.52 0.18 0.34 +109 

— 0.16 
0.45 0.16 0.35 -f 1.06 

— 0.16 






n 
71 

35 
61 



Av. 


0.62 


0.21 


0.32 












Table LXV. 












{Poetry 


read as prose) 






Subject, 


a 


P 


P 
a 


e 


c 


n 


J. M. T. 


0.46 


0.13 


0.27 


+ 0.85 
— 0.14 


+ 


48 


CO. 


0.48 


0.14 


0.29 


-f 1.02 
0.18 


+ 


47 


W. C. 


0.62 


0.22 


0.35 


-fl.42 
— 0.22 


+ 


33 


S. 


0.67 


0.21 


0.31 


+ 1.65 
—0.27 


+ 


3" 



Subject. 


a 


/ 


r 
a 


e 


C 


n 


J. M. T. 


0.45 


0.12 


0.26 


+ 0.85 
— 0.16 


+ 


19 


G. F. A. 


0.51 


0.16 


0.31 


-j- 1. 12 
— 0.24 




44 


B. S. G. 


0.66 


0.19 


0.28 


+ 1.50 
— 0.20 


+ 


32 


Av. 


o.U 


0.16 


0.28 









n 

48 

47 



0.48 



o 17 



0-34 
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Table LXVIII. 










{Poetry 


read as 


poetry^ Tenny, 


^on verses) 






Subject, 


a 


P 


P 
a 


e 


c 


H 


W. C. 


0.66 


0.20 


0.30 


-f-l.52 
— 0.22 


+ 


33 


s. 


0.77 


0.21 


0.27 


+ 1.47 
— 0.25 


-h 


32 


Av. 


0.71 


0.20 


0.28 









Table LXIX. 

{Summary of complex-centroid intervals of verses of Bt owning and Tennyson read as 

poetry) 

Table. a i> 



LXVIL 
LXVIIL 

Av. 



0.48 
0.71 

0.59 



0.17 
0.20 

0.18 



a 

0.34 
0.28 

0.31 



Subject. a 

S. I. 0.61 



O. E. S. 



Av. 



0.69 



0.65 



Table LXX. 

{Prose read as poetry) 

' i ■ 

0.17 0.27 -|- 1.25 

— 0.32 
0.20 0.29 + 1.37 

— 0.21 



+ 



n 
21 

23 



0.18 



0.28 



Table LXXI. 



nummary 


of 


complex-centroid intervals 


.pce(h) 


Table. 




a 


/ 


P 
a 


LXIII. 




0-55 


013 


0.22 


LXIV. 




0.62 


0.21 


0.32 


LXV. 




0.56 


0.17 


0.30 


LXVI. 




0.54 


0.16 


0.28 


LXIX. 




0.59 


0.18 


0.31 


LXX. 




0.65 


0.18 


0.28 


Av. 




0.58 


0.17 


0.28 



Unit of measurement, I'. 

Oy average duration. 

/, immediate probable error. 

p 

--, relative immediate probable error. 



e^ extreme intervals. 

r, character of greater extreme. 

«, number of intervals. 



Results. — ^The number of intervals measured was 1054. 
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The duration of a given complex -centroid interval in speech will prob- 
ably fall somewhere within the limits of 0.14" (= shortest in series, J. 
M. T., Table LXV.), and 1.93' (= longest in series, W. L. P., Table 
LXI V. ) , a range of about i ^'. The range for the average interval of 
different records is about J^ of this (from 0.32", J. K., Table LX. to 
0.75', A. D. B.A, Table LIX.), and for the averages of different sets of 
records less than \ (from 0.47', Table LX. to 0.71", Table LXVIIL). 
The highest range between the averages of the selections read twice by 
the same person was o. 10" (S.); the lowest, 0.03" (C. O.). 

The extreme deviations of these intervals from the average were always 
of the nature of excesses. In the measurements 100 %were plus extremes. 
This may be due more to the pauses than the brevity of the average. 
The former enables the range to be extended almost indefinitely, while 
it can be only slightly abbreviated. The extremes for the different sets, 
may be obtained in the e and c columns of the tables. 

The length of the average complex -centroid interval is a little over half 
a second (0.58'). 

The averages in prose (0.59") and poetry (0.57') are practically equal 
in length. The tendency, just barely perceptible, is to make the inter- 
vals of prose the longer. This conclusion may only hold for such inter- 
vals as were measured, which were prevailingly 2 -syllable sound- and 
I -pause- 2 -syllable composite-intervals. 

The longest average in any record was 0.07' shorter in prose (0.70', 
W. L. P.), than in poetry (S., Table LXVIIL); and the shortest 
average was 0.10' shorter in the reading scansion of English poetry (C. 
O., Table LXVIL) than in prose (0.55% G. A. A.). 

The intervals composed regularly of two syllables (o. 71' = average for 
set of Tennyson verses; o.66', same for sing-song and doggerel scan- 
sion) are longer than those composed of a mixture of one, two, three, 
four and five syllables, provided the number of i -syllable intervals is 
relatively larger than the number of 3-, 4- and 5 -syllable intervals. 

The average inequality of the lengths of complex-centroid intervals in 
all varieties of speech was about o. 17," or 28% of the length of the average. 

The regularity in a given set of records of a variety of verses of 
poetry of the predominantly 2 -syllable type, scanned according to the 
fourt ypes of scansion, was about 8% higher than that for the intervals in 
a given number and variety of sentences of prose, uttered in various 
ways. The irregularity for the former was 22^/c (Tables LIX., LXI., 
LXIL, LXIX.) ; of the latter, 30% (Tables LXIV., LXX.). 

The regularity in a given set of records of English poetry, the inter- 
vals of which are mostly of the 2 -syllable pattern, and the scansion of 
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which is rhythmically free (reading scansion, Table LIX.) was about 3% 
higher than that in a corresponding set of records of English prose, the 
reading of which is rhythmically free (32%, Table LXIV.). When 
the scansion or reading is natural, artistic and rhythmically free, the 
complex-centroid intervals are only slightly more regular in poetry than 
in prose. 

The most regular coordination of the intervals in prose (e. g., C. O. 
S., Table LXIV. ; and Table LXX.) was superior to the coordination in 
many records of poetry. 

The most regular coordination in poetry occurs in routine scansion ; 
it is never perfect. The lowest percentage in seventeen records was 4% 
(Table LXII. ; E. H. T.^?). Beating the time with the finger in- 
creased the regularity about three and a half times. 

The intervals in the most regular scansion of poety were about six and 
one-half times more regular than in the most regular reading of prose. 
Excluding the record of routine scansion with regulative concomitant, 
this is reduced to one and six -sevenths. 

The coordination in doggerel and in the most regular specimen of 
reading scansion, was about equally good (19%, O. S., Table LXl., and 
E. W. S., Table LIX.). In routine scansion it was about twice as reg- 
ular as this (9%, Table LXII.). 

In sing-song scansion it was slightly poorer than in doggerel scansion, 
but better than in reading scansion in general. Reading scansion repre- 
sents the highest degree of irregularity of any form of scansion. 

The test records of the verses of Tennyson and Browning indicate 
that the highest regularity in reading scansion occurs when the intervals 
consist of a uniform mode of composition or the same number of 
syllables (cf Tables LXVII. and LXVIII. ). The difference in the regu- 
larity of the renderings of the tests is small. The absence of the punc- 
tuation marks did not decrease it. 

The range of irregularity for the records of a given number of per- 
sons will be about 0.27" (from 0.02", routine scantion. Table LXl . 
0.29', reading scansion, J W. R., Table LIX.), or 389(5 (0.04 to 0.421 
reading scansion, Japanese poetry, I. M., Table LX.). The range 
the averages of the sets was 25^ (from 9%, routine scansion, to z\^c, 
verses of Browning read as poetry. Table LXVII.) ; and for the same 
persons repeating the same selections 7% (from i^f? to S^r, ^^^ ° 
J- M. T.). . 

With a standard of 10% of inequality, the complex-centroia inter 
vals are rhythmically coordinated in about 6^ of the recor p 

and in none of those of prose. With 15% as the standard none of th 
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latter and 12% of the former satisfy the demands of rhythm (this is 
exclusive of the test records read as prose, both with and without punc- 
tuation marks). 

The above items for the individual records (test records, records of 
foreign languages, etc. ) may be obtained in the tables. 

Measurements of simple- ceniroid intervals. 
Table I.XXII. 

(Reading scansion^ English poetry) 



Subject. 


a 


P 


t_ 
a 


e 


c 


n 


J, W. R. 


0.63 


O.I I 


0.17 


+ 1 12 
— 0-33 


+ 


91 


E. W. S. 


0.44 


0.05 


0.1 1 


4-0.62 
— 0.25 


*^^ 


74 


A. D. B ,1 


0.47 


0.12 


0.25 


+ 0.79 
— 0.27 


+ 


II 


A. D. B.B 


0.60 


0.06 


O.IO 


4-0.81 
— 0.27 


+ 


9 


W. W. 


0.41 


O.IO 


0.24 


4-0.97 
— 0.18 


+ 


64 


A. R. P. 


0.43 


0.06 


14 


4-0.57 
— 0.27 




II 


Av. 


0.50 


0.08 


0.17 









Table LXXIII. 

(Reading scansion ^ Japanese and Persian poetry) 



Subject, 




a 


P 


a 


e 


c 


n 


J. K. 




0.32 


■ 0.06 


0.18 


4-0.52 
— 0.16 


-- 


12 


I. M. 




0.34 


O.IO 


0.29 


4- 0.60 
— 0.18 


-f- 


13 


K. H. 


K. 


0.53 


0.08 


0.15 


4-0.68 




12 












— 0.31 






Av. 




0-3,9 


0.08 


0.20 









Table LXXIV. 

(Sing-song and doggeral scansion) 



Subject. 


a 


/ 


a 


e 


c 


n 


H. (J. 


0.50 


0.04 


0.08 


-f 0-55 
— 0.47 


4- 


21 


0. S. 


0.59 


0.04 


0.06 


4-0.78 
— 0.47 


4- 


21 


Av. 


0.54 


0.04 


0.07 
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Table LXXV. 



Subjeit a 

E. H. T.^ 0.47 

E. H. T ji 0.48 



Av. 



0.47 



0.06 
o.oi 

0.03 



( Routine scansutt) 
P 



a 
0.12 

0.03 
0.07 



4-0.70 

— 0.31 
-1-0.52 

— 0.43 



c 



Table LXXVI. 

(Summary of simple -centroid intervals of poetry) 



n 
12 



— 12 





Table, 




a 




/ 


p 

a 






LXXII. 




0.50 




0.08 


0.17 






LXXIII. 




0.39 




0.08 


0.20 






LXXIV. 




0.54 




0.04 


0.07 






LXXV. 




047 




0.03 


0.07 






Av. 




0.47 




0.06 


0.13 








Table 


LXXVII. 




• 








(Prose) 








Subject. 


a 


/ 




P 

a 


e 


c 


n 


G. A. A. 


0.44 


10 




0.22 


4-0.70 
— 0.20 


4- 


51 


W. L. P. 


0.44 


0.12 




0.27 


4-0.83 
— 0.23 


-r 


36 


c. 0. S. 


54 


0.1 1 




0.20 


4-0.3P 
— 0.20 


^■^~ 


42 


Av. 


047 


0. II 




0.23 












Table \ 


LXXVIII. 










( Poet'y read as 


prose) 






Subject. 


a 


P 




P 

a 


e 


c 


n 


J. M. T. 


0.37 


O.IO 




0.27 


4-0.68 
— 0.14 


4- 


34 


c. 0. 


0.36 


0.08 




0.22 


4- 0.62 
0.18 


-h 


31 


W. C. 


0.44 


0.07 




0.15 


4- 0.60 
— 0.22 


• — 


22 


S. 


0.50 


0.06 




0.12 


+ 0.75 


-}- 


20 












0.27 







Av. 



0.41 



0.08 



0.19 



I 22 
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Table LXXIX. 

( Poetry read as prose without punctuation mtrJks) 



Subject, 


a 


P 


p 

a 


e 


c 


n 


G. F. A. 


0.38 


0.08 


0.21 


-f 0.60 
, —0.24 


-f 


29 


B. S. G. 


0.49 


O.II 


0.22 


+ 0.75 
— 0.20 


' 


17 


J. M. T. 


0.36 


O.IO 


0.27 


+ 0.72 
— 0.16 


+ 


32 



Av. 



0.41 



0.09 



0.23 



Av. 



Table LXXX. 

( Poetry read as poetry^ verses of Bro^uning) 



Subject. 


a 


P 


P 
a 


e 


c 


n 


J. M. T. 


0.38 


0.09 


0.23 


+ 0.75 
— 0.16 


+ 


48 


C. 0. 


0.30 


0.06 


0.20 


-f 0.50 
— 0.16 


+ 


3« 



0.34 



0.07 



0.21 



Table LXXXI. 





( Poetiy 


read as 


poetry^ verses 


of Tennyson) 


Subject. 


a 


P 


P 
a 


e 


W. C. 


0.48 


0.09 


0.18 


--O.65 
— 0.22 


s. 


0.55 


0.09 


0.16 


-fo.85 










— 0.25 


Av. 


0.51 


0.09 


0.17 





n 
21 

18 



Table LXXXII. 

[Summary of simple-centroid intervals of verses of Browning and Tennyson^ read as 

poetry) 



Table. 


a 


/ 


a 


LXXX. 


0.34 


0.07 


0.21 


LXXXL 


0.51 


0.09 


0.17 


Av. 


0.42 


0.08 


O.IQ 
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Table LXXXIII 


• 










{Prose 


read as poetry) 






Subject, 


a 


P 


P 
a 


e 


c 


• 

n 


S. I. 


0.46 


0.07 


0.15 


4-0.70 
— 0.32 


+ 


n 


0. E. S. 


0-53 


0.13 


0.24 


-f 0.90 
— 0.21 


-f 


15 



Av. 



0.49 



O.IO 



0.19 



Table LXXXIV. 



(Summary 


of 


simple-ceniroid intervals 


of speech) 


Table, 




a 


P 


P 
a 


LXXVI. 




0.47 


0.06 


013 


LXXVII. 




0.47 


O.I I 


0.23 


LXXVIII. 




0.41 


0.08 


0.19 


LXXIX. 




0.41 


0.09 


0.23 


LXXXIl. 




0.42 


0.08 


0,19 


LXXXIII. 




0.49 


O.IO 


0.19 


Av. 




0.44 


0.08 


O.IO 



Unit of measurement, I'. 

a^ average duration. 

/, immediate probable error. 

— , relative immediate probable error. 



e^ extreme intervals. 

r, character of greater extreme. 

«, number of intervals. 



Results, — Eight hundred and twenty-three measurements were made. 

The duration of a given simple-centroid interval of speech will pre- 
sumably lie somewhere between 0.14' (J. M. T., Table LXXVIII.) and 
1. 1 2" (J. W. R., Table LXXIL), a range of about i second. The range 
for the averages of a given series of records will be about Yi of this (from 
0.30', C. O., Table LXXX., to 0.63' J. W. R., Table LXXIL); and 
for those of different sets, about \ (from 0.34", verses of Browning read 
as poetry, to 0.54", sing-song and doggerel scansion). The hig est 
range for the selections repeated by the same person was 0.06 (<-. .}, 
the lowest, o.oi' (J. M. T.). For the complex intervals J. M. T.*s 
range was the highest ; here it is the lowest. He seems most irregular in 
his pauses. 

The longest average for any set of prose records was 0.49' (Table 
LXXXIII.); for poetry, 0.54' (Table LXXIV., sing-song and doggerel 
scansion). The shortest for poetry was 0.34' (Table LXXX., Browning 
verses). The longest average for any record was 0. 54* ^<>^ P'^^^ (P^yer, 



124 /. E. Wallace Wallin, 

C. O. S., Table LXXVIL), and o.63' for poetry (J. W. R., Table 
LXXII.); the shortest for prose, o.44' (G. A. A., Table LXXVIL), and 
for poetry, 0.30' (C. O., Table LXXX.). The range seems larger in 
poetry. 

In 69% of the records the largest deviations from the average were 
those of excess; in 27%, of deficiency; and about 3^ were equal. 

The average duration of these intervals for different kinds of speech is 
somewhat below half a second (0.44'). This corresponds closely with 
Meumann's period (0.40') for purely subjective rhythmisation. 

The averages for a variety of sentences of English prose (0.48') and a 
variety of verses of English poetry (0.46') are practically equal. The 
tendency, barely perceptible, is towards a longer interval in prose. The 
intervals in the poetry measured were predominantly 2 -syllable. 

The average is longer in verses consisting uniformly of 2-syllable inter- 
vals, than in verses consisting of a haphazard alternation of i-, 2-, 3-, 4-, 
and 5 -syllable intervals, provided that the number of i -syllable is higher 
than the number of 3-, 4-, and 5 -syllable intervals. The average for 
the verses of Tennyson was 0.51"; for those of Browning, 0.34" 
(Table LXXXIL). The latter contained numerous i-syllable inter- 
vals. So did those of Byron where the average was 0.41* (W. W., Table 
LXXII.). 

The inequality in the lengths of these intervals in various kinds of 
speech is about o.o8', or 19^/^ of the average length. 

The regularity for a given series of records of a variety of poetical 
verses of the predominantly 2-syllable type of intervals, scanned accord- 
ing to the four types of scansion will be about 8% higher than that for 
records of a variety of prose sentences spoken in various ways (21^, 
av. irregularity of Tables LXXVIL and LXXXIII.). This is exclusive of 
the Japanese 2lnd Persian records. For records of English verses com- 
posed mainly of the 2-syllable pattern, the scansion of which is rhyth- 
mically free, it will probably be about d^Jc; higher than for records of 
English prose, the rendering of which is rhythmically free (irregularity 
23^/, Table LXXVIL). 

The most regular coordinations in prose (15%, S. L; 20%, C. O. S. ) 
may often be higher than some coordinations in poetry (cf. A. D. B.^, 
W. W., J. M. T., C. O., etc.). 

The intervals in the most regular type of scansion of poetry (E. H. 
T.R, Table LXXV.) were about five times more regular than in the most 
regular reading of prose ( 1 5 V^ , S. I. , Table LXXXIII. , melodious prose). 
Excluding the record of routine scansion with regulative concomitant, 
the regularity was two and a half times greater. 
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The most regular coordination of the intervals in poetry is nearer per- 
fect. The lowest observed percentage of irregularity in seventeen rtt- 
ords was 3%. 

The highest regularity occurred in the type of routine scansion 
accompanied by beating time. This type represents the acme of regu- 
larity in the accentual or centroid rhythm of speech. 

The coordination in sing-song (irregularity, 8%) and doggerel lifcajj- 
sion (irregularity, 6%) may be approximately the same. JfeKh ^^ i\ii^ 
twice as irregular as mechanically regulated (routine) ecaiwwP- 

The most regular coordination in reading scansion (.*P^ if **«gt>- 
larity, A. D. B.^) is slightly inferior to the coordiimihm ^ *m%^ mn$i 
scansion. The regularity in reading scansion is the «KWPt .iMMf^ if ^ 
the types of scansion of poetry. It is most exact, i^^^tff *^^9f^ ^W^< 
when the intervals are composed quite uniformly of Ho^iMikS^itmt^^^ if 
syllables (contrast Tennyson's verses with Browning'* J*Kili^»^i^^ 'Wm 
regularity in the reading of the selections as prose JdP4 ^^^^ *it 4l^ 
same. When the punctuation marks were eliminated^ il<PSII^<fl^ #[p4jf 
increased. 

The range in the irregularity of the intervals in S9fi^^ JlliW ^^fl \\ 
may be about o. ii* (from o.oi", routine scansiao# i0 f§i4f^^ ik JV 
B.^, poetry, and W. L. P., prose), or 26% (from %^^MMM0^M^^^ 
to 29^, Japanese poetry). The range for the diflBrWil^ ^M^^ttt^ #4^ 
(from 7%, Tables LXXIV. and LXXV., to 23%, TllilP i JittWTy m\ 
LXXIX.), or about ^ of the former (the indiriilii# «••#► ;^ *M 
for the repeated readings by the same person, a^ (f/M^^fl^^^ff^f^ 
4%, J. M. T. and S.). 

According to the 10% standard, 23% of the 
rhythmical, exclusive of records of poetry read J 
without punctuation marks. With a standard of f #^ 
ords of poetry, and 20^ of the records of prof^ 0i 
prose), are rhythmical. Even in the latter caie^ 
a fairly comprehensive collection of speech recOfdl^'l 

Comparison of complex- and simple-cenif^ 

The range for the former was approximately !« ^ wf v>^ 

latter. 

The general character of the extreme deviatloi ^ '^^^ - 

For the complex, however, they were uniformly '/,K/> * / 

excess extremes. 

The average for the complex was o. 14', or f f IK«i^ '-.^ 

the simple intervals. 
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The averages of both were very slightly longer in prose than in 
poetry. This is probably due ( i ) to the composition of the intervals. 
In the prose records the longer intervals (3-, 4-, and 5 -syllable) were 
relatively more numerous. (2) The tendency in poetry, especially in 
routine and doggerel scansion, to rhythmize the pause ; this limits its 
length. 

Both intervals had the longest averages in verses consisting of the uni- 
form 2 -syllable type. 

The coordination was about i}4 times more regular for the simple than 
for the complex. 

The difference was less between the regularity of the simple inter- 
vals in poetry and prose, than between the regularity of the complex in 
poetry and prose. 

For the reading scansion of English poetry and prose, the difference 
was twice as large for the complex as for the simple. 

In the most regular type of scansion, the regularity was slightly higher 
for the simple than the complex. The beating of time increased the 
regularity of the former most. Relatively to other types of scanning, 
however, it greatly increased the regularity of the complex intervals. 

The range of irregularity for a variety of speech of different persons 
was about ij4 times larger (1.46) for the complex than for the simple 
intervals. 

With a provisional standard of 15'/, the simple intervals were rhyth- 
mically coordinated in about four times as many records of poetry as 
were the complex. 

General deduction. — The most perfect manifestation of centroid rhythm 
in speech never reaches the zero point of irregularity. This point is 
most nearly approached in simple-centroid intervals of uniform compo- 
sition, mechanically scanned. 

Bearing on the rhythmic function of the pause. — The facts reached re- 
garding the duration and regularity of sound and composite, and single 
and complex intervals necessitate a revision of the prevalent notion of 
the pause as compensatory/ as the rhythmical e(iuivalent for a missing 
syllable or a foot. Poe- so regards the cresura. We have seen that the 
introduction of the pause uniformly disturbs the rhythm of the centroids. 
The records without exception show this. The coordination of the 
complex intervals was almost without exception so irregular as to defy 
rhythmisation. In only two records does the ine(iuality fall to ifCfr 

> Lanier, The Science of English Verse 189, New York 18S0. 
(jUESt, a History of Knglish Rhythms, 77, London 1882. 
*PoK, The Rationale of V>rse, Works, VI 89, Chicago 1895. 
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while for the simple intervals, there are eight such records of poetry and 
one of prose. The pause constitutes the one rhythmical ; the other, in the 
main, non-rhythmical. It creates two alternating, though interpenetrat- 
ing, sequences within the unity of the discourse ; the one consisting of 
expiration intervals, being rhythmical, the one consisting of expiration 
and vacant intervals, being non -rhythmical. 

We saw that the terminal pauses, which were longer and more regular 
than the sectional, unified the verses. The tables for the sectional 
pauses and the simple and complex intervals show that when the number 
of sectional pauses is large the coordination of the intervals is poor. 
When they occur quite regularly in long verses these are split up into 
two. Most of those reading the Browning verses written as prose who 
made regular sectional pauses, when asked to write the sentences as 
verses, doubled the number. Here the pauses segregated the verses into 
two parts. Both the terminal and sectional pauses may thus become 
rhythmically recurrent, provided they recur at fairly regular intervals and 
are of fairly regular length. 

Rhythmically, pauses check the continuity of the centroid rhythm of 
speech ; they limit the length of centroid sequences. This makes cen- 
troid rhythm essentially discontinuous^ an alternately interrupted and 
recommencing flow, an inter-pause rhythm. Mechanical rhythm, e, g, 
clock ticks, consists of continuous sequences of coordinated intervals. 

Pauses also assist in imparting a felt unity to sequences of several cen- 
troid intervals, provided they follow a certain law, whence arises a 
secondary rhythm, that of vacant and expiration intervals. Thus we get 
the verse interval rhythm. 

Psychologically, the pause serves to avert the monotony of long 
sequences of regularly recurrent stimuli. The length of these will affect 
the quality of the rhythm. Too long or too short series are objectionable. 
This may differ for different kinds of scansion and rhythmisation. In 
subjective rhythmisation a continuance of clicks for 45 seconds has been 
found favorable, for 70 seconds disgusting.^ The pause thus contributes 
change, variety, relaxation, and also a complex feeling of rhythm due to 
the involution or interpenetration of the two orders of rhythm. 

Bearing on some phases of speech rhythm. — (a) The elements of rhythm, 
— Speech rhythm has been defined as a "law of succession'* (Guest); 
a ** principle of proportion introduced into language," ** inferior meter *' 
(Seelev and Abbott); "periodic stimulation of sounds or of a small 
group of sounds'* (Gurney); "the succession and involution of unities, 
that is, unities within unities, applicable to feet, verses and stanzas" 

> TiTCHENER, Experimental Psychology, I il 340, New York 1901. 
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(Corson); ''a system of accentuation " (Hegil); ''a succession of 
tones in various length and shortness, following in a certain time form*' 
(Lobs); ''the coordination of speech sounds in time and duration" 
(Lanier). In these definitions are involved two theories. 

(i) The ^^tinu theory ^^^ holding that the element of time is funda- 
mental, and emphasis subordinate. The sounds of a rh]rthmical sequence 
must, above all things, be coordinated, periodical. Lanier' (''simple 
time relations"), Gurney* ("a fixed scheme of recurrence"), Bol- 
ton' (regular recurrence the most important element; "accentuated 
sounds form a secondary rhythm out of the primary"), HAUPniANN,* 
Westphal,^ Lobe,* Herbart,^ Lotze,^ Schopenhauer,^ and Ed- 
wards,* may be cited as representatives. 

( a ) The ' ' occeMualist theory^ ' ' making emphaisis the essence, and time 
a secondary element. Some of the exponents are Guest* (" accent the 
sole principle," "rhythmof accent independent of quantity"), Hegel* 
("rhythm a system of accentuation"), Gummere,' and Kostun* 
(" change of accents of the tones"). 

It is hard to pin the writers down to any one statement, but the posi- 
tions seem to be as indicated. When accent is made primary the ele- 
ment of time becomes, at best, merely "a regulative principle or a prin* 
dple of embellishment." The opposite rigorist holds that no number 
of accents, nor manner of variation of the elements, can render sounds 
rhythmical unless they are strictly periodic. 

The centroid theory of speech rhythm emphasizes the truth contained 
in both of these theories. No recurrence of centroids can be rhythmized 
unless the length and regularity of the intervals fulfil the requirements of 
the rhythmical time-sense. This may differ slightly for different individ- 
uals. It may allow of slight grades of rhythm, bad, good, excellent. At 
a certain point, however, the rhythmic perception or feeling ceases 
entirely. 

The criterion of regularity may also differ for the different kinds of 
rhythms, sensory and motor, speech, music, walking, dancing, etc. For 
routine scansion, with the attention focused on the regularity, the crite- 

* Lanier, The Science of English Verse, III., New York 1880. 
•GURNEV, The Power of Sound, 439, London 1880. 
•Bolton, Rhythm^ Am. Jour. Psych., 1893 VI. 

4MEUMANN, Untersuchun^en smr Psychohgie und Aesthetik des Rhythmus, Philos. 
Stud., 1894 X 250. 

6 Guest, A History of English Rhythm, 108, London 1882. 
< Guest, as before, 108-1 10. 
' Hegel, Aesthetic, trans, of Kedney, 257. 
"GUMMERE, Handbook of Poetics, 137, Boston 1885. 
*Meumann, Philos. Stud., 1894 X 250. 
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rion may be higher than for reading scansion, where the best expression 
of thought is essential. A variation ( + and — ) of ^^j^ of empty intervals 
between clicks 4.27" in length was always correctly noticed in the exper- 
iments of Hall and Jastrow ;* one of y^^, nearly always. 

These requirements, however, give only subjective or objective period- 
icity. Grouping may be temporally perfect or periodic (Lanier's primary 
rhythm), and still not be psychologically rhythmical. To constitute 
perceived rhythms, some member of the groups must be accentuated, at 
least subjectively. Walking may be periodic ; it is not normally rhyth- 
mical. It becomes rhythmical when one step is made more energetic, 
or when attention is given to it, or a sound is uttered or heard (^. ^., a 
drum) as it descends. 

Ebbinghaus ' found that the coordination of the lengths of syllables 
spoken loud was impossible without differences of accent : no rhythmis- 
ing of syllables mechanically uttered was possible. In repeating the 
numerals i-io regularly, I could feel no rhythm until some numbers 
were subordinated, i. e., formed into centroid intervals. Then grouping 
soon became inevitable. A trained vocalist sang the vowel into the 
phonograph without interruption for nearly 40'. He was told to make 
it perfectly smooth, without modification in intensity and pitch. The 
resulting sound was &irly smooth at the beginning; af\er about 10' 
oscillations in the intensity were noticeable. Speech as a motor phe- 
nomenon is necessarily centroidal. 

Emphasis is unavoidably imposed upon certain members of a sound 
sequence. Numerous experiments' show that these are always formed 
into groups because of subjective emphasis. 

The form of these groups will depend upon representative factors aris- 
ing from the experience of the subject ; they will conform to some repre- 
sented rhythm (counting, beating time, clock beats, pendulum swings, 
puffs of the engine, etc. ) . 

In Bolton's* experiments the normal, easiest or psychologically prior 
form was the a-group (first syllable accented, trochee) and 4-group. The 
3-group (dactylic form easiest) and 2 -f3-group were readily suggested, 
but not the 5-gTOvp. Hall and Jastrow* found that in counting a 
series of sounds or clicks 3- and 4-groups must be farther apart than 



^ Hall and Jastrow, Shtdies of rhythm^ Mind, 1886 XI 61. 

*Meumann, Philos. Stad., 1894 X 423, 424. 

*BoLTOif, Am. Jour. Piych., VI 14S-238. 

EBBiz«GifAUS and Dibtze, in Meumann, Philos. Stud., 1894 X 423. 

^Kolton, m before, 212, 216, 222. 

*Hall and Jastiow, Studies of Rhythm, Mind, 18S6 XI 58, 61. 
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2-groups. Twenty-four to forty clicks per second were easily distin- 
guished by the average ear [limit of ability to discriminate sounds = y^ 
(Helmholtz) or -^\^ (Exner) of a second]. Counting, however, in- 
volved naming of the clicks. The number-names are not of uniform 
ease and length. This influenced the grouping. 

Thus the centroid, or the element of emphasis, is always present in 
speech. Consciousness is centroidal. Perceived rhythm is a highly 
regular alternation of intense and lesser intense states of conscious- 
ness. 

(b) The nature of rhythm, — It is a series of mental events involving 
affection, intellection and conation. The role of the first has been 
stated by Wundt * (feeling of strain and expectation, of unity, and a cer- 
tain degree of emotion), by Smith* (rhythm a progressive emotion with 
coordinated motor discharges), by Meumann' (aesthetic feelings) and by 
LiPPS* (associative aesthetic feelings). The latter are probably such as 
proportion, symmetry, unity in variety, harmony, euphony, beauty, sub- 
limity. The emotions may be those of diff*erent degrees of pleasantness, 
ecstasy, joy, vivacity, erethic diathesis, orgasm, love, hate, sweetness, 
well-feeling, etc.; and perhaps disagreeableness — monotony, insipidity, 
sadness, discomfort, disgust, etc. The sense feelings may include 
smoothness, assonance, dissonance, intense or weak, long or short, 
fast or slow, excitations, freshness or tiredness, muscular activity or 
innervation^ tingling, heightened temperature and blood pressure, 
etc. 

Meumann** (rhythm a perception) emphasizes the role played by intel- 
lection. This is best illustrated by the change of grouping produced by 
ideation (association factor). This factor will largely determine the 
character of the affectional response of the individual. 

The present researches emphasize the factor of conation : without sub- 
jective emphasis, the centroid, no rhythm. Intellective perception alone 
may perceive periodicities, but not rhythm ; for this conative perception, 
or intermittent attention, aroused and sustained by feeling, is necessary. 
Felt motor innervations are fundamental to rhythmic perception. They 
need not necessarily be movements or vaso- motor discharges, but motor 
impulses (probably only mental beats). Rhythm is a peculiarly felt 
motor perception of movement in time. 



•Wundt, Outlines of Psychology (Eng. tr. ), 167, 176, Leipzig 1897. 

* Smith, Philos. Stud., 1900 XVI 291. 

^Mkumann, Philos. Stud., 1894 X 264. 

♦Liprs, Aesthetisclic Einfuhluni;^ Zeit. fiir Psychol, u. Physiol., CXXII 441. 

^Mkuman'N, as above, 272, 284. 
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VI. Comparison of intervals in speech. 

Tables of average number of syllables per centrcnd amtl ^:r:pp'UlMft mUr^.al. 
and the inten^al of the unit of measurcmifctt' • , 





Table LXXXV. 




{Poetry) 




Subject. 


c 


/ 


E. W. S. 


2.21 


4.22 


J. W. R. 


2.o6 


2.75 


A. D. B. 


2.15 


2.90 


W. W. 


1.74 


301 


A. R. P. 


2.0O 


3.73 


H. 0. 


2.09 


3.16 


O. S. 


2.10 


310 


J. M. T. 


1.56 


2.95 


C. 0.^ 


1.56 


3.40 


W. C.B 


1.90 


2 90 


s.^ 


2.00 


2.56 


G. F. A. 


1.65 


zn 


B. S. G. 


2.00 


2.99 


Av. 


1.92 


3.14 




Table LXXXVI. 




( Prose) 




Subject. 


c 


s 


G. A. A. 


2-53 


4.48 


W. L. P. 


2.20 


3.14 


C. O. S. 


2.24 


3.53 


S. I. 


2.71 


4.38 


O. E. S. 


2.47 


3-54 



%-^ 



i * 









4.^ 



Av. 2.43 3.81 

Cf complex centroid intervals. 

f, intervals of i". 

e^ expiration intervals. 

Results. — The average number of syllables foT 
interval of all varieties of speech was 2.17. 

For the records of poetry it was 1.92 ; for tlltf 
latter being a trifle over 25% larger than the fof* 
posed predominantly of the 3 -syllable type of ' 
would probably be reversed. Since there is OO 
interval pattern in prose, the variation, while i 
sometimes large, will in the average be smflll 
LXXXVI.). The range between the highest 



^f0^ 



f " . * 






^v 
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prose was 0.51 syllable; for poetry , 0.65 syllable. The range for the 
individual intervals was from i to 5 syllables. A centroid interval in 
speech may thus range from a i -syllable to a 5 -syllable. 

The average number of syllables per second of time for all kinds of 
speech was 3.47; for the records of poetry, 3.14; for those of prose, 
3.81, or about 20^0 more than for poetry. 

The range for the averages of prose was 1.34 syllable per second 
(from 3.14 to 4.48) ; for poetry, 1.66 syllable (from 2.56 to 4.22), or 
about 23% larger than the range for prose. 

On the basis of the general average, the number of syllables uttered, 
per minute in speaking is approximately 208. This involves an equal 
number of changes in the action of the vocal cords. The most rapid 
contractions in aspirating / and k has been found to never exceed 6 
double or 12 single contractions per second.^ 

The average number of syllables per expiration interval for all kinds 
of speech was 5.68 ; for poetry, 5.41 ; for prose 5.95, or 10% more than 
for poetry. 

The range for the averages of prose was 1.85 syllable; of poetry, 
5.04, or nearly two and three-fourths times longer than the former. 

This range applies only to the averages of ordinary expiration inter- 
vals, and not to those of maximum expiration intervals. The following 
test was made : The subject, after having inhaled as much air as the 
lungs would comfortably hold (attempting to make each inhalation 
equal) read as many of a variety of short and long words as was possible 
without replenishing the original supply of air. The test was stopped 
when fortuitous inhalations occurred. The tendency was to increase the 
rate as the context became familiar and practice set in. All the utter- 
ances were considerably more rapid than those in ordinary speech. 
Sometimes this increased the number of syllables ; frequently it produced 
a more rapid expenditure of air, and decreased the number. Several 
relatively slow readings contained the largest number. 

These were the average number of syllables for seven or eight tests each 
of II subjects: 122, 147, 148, 153, 163, 165, 187, 190, 230, 257, and 276 
The general average is 182.5. The highest average came from a trained 
vocalist. Most subjects gained up to a certain point and then fell off. 
The lowest percentage of gain was 19 syllables; the highest 119. The 
range is 154 syllables (from 122 to 276). 

Compared with the average normal interval, the average maximum 
contains approximately 32 times as many syllables. The range of a breath 
group may thus extend from i to about 175 syllables. The normal is 

' Hall and Jastrow, Studies of rhythm^ Mind, 1886 XI 59. 
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the stock-in-trade of ordinary speech. The maximum is perhaps never 
reached in speech. The nearest approach is found in impassioned 
speech. 

Comparison of intervals. — ^The average interval of the second was 0.60 
syllable longer than the complex centroid interval, and o 63 syllable 
shorter than the expiration interval. For the prose records, it was 0.56 
syllable longer than the centroid interval, and the same shorter than the 
expiration interval. For poetry it was 0.63 syllable longer than the 
centroid, and 0.72 syllable shorter than the expiration interval. 

The expiration intervals of poetry were 2.81 syllables longer than the 
centroid intervals of poetry and prose respectively. 

The range between the longest and shortest averages of the tables was : 
for the centroid interval, 0.58 syllable; for the second, 1.45; and for 
the expiration, 5.04. The average range for the second was 2.50 sylla- 
bles longer than for the centroid, and 4.75 syllables shorter than for the 
expiration interval. 

The difference between the range of syllables for the second and cen- 
troid interval was over 4 times the difference between the average number 
of syllables for each ; and the same for the second and expiration inter- 
val was 7.5 times the difference between the averages for each. 

Character of the greater extreme. — This was for all the intervals of 
speech in the vast majority of cases of the nature of excess. In no case 
does the percentage fall below 59%. 

The extremes were relatively least frequent in the verse intervals, and 
most frequent in the complex, vacant, expiration and simple centroid in* 
tervals in the order named. The converse order represents the grade of 
frequency of the deficiency extremes. 

Only in the expiration and simple centroid intervals were there any 
equal extremes, the percentage in both cases being very amaU (6^ 
and 3%). 

May we say that the longer the average of the interval the flBUdkr^ and 
the shorter the larger, is the percentage of excess extremes? The average 
vacant and simple centroid intervals are equal in length, yet <Bftr in the 
percentage of plus extremes. The complex are longer et have no 
minus extremes: all are plus. The simple intervab • MMtderably 
shorter than the expiration and complex, yet have a 1 icentage 

of minus extremes than these — more than double as l e vacant 

intervals. 

Hence, other things being equal, the extremes of tjr are rela- 

tively most infrequent and those of excess most fieqtl srvals con- 

taining pauses. 
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Range of duration for single intervals, — Taking the range for the simple 
centroid (0.98') as the norm, the range for the vacant was 1.37 longer, 
for the complex 1.82, for the verse 4.20, and for the expiration inter- 
vals 4.72. The difference between the longest (4. 65') and the shortest 
range is 3.57". 

The range for the average of the complex intervals is 1.30 times that 
of the simple (=0.33") ; for the vacant 1.54 times; for the expiration 
5.60 times; and for the verse 10.5 times. The longest range (3.47") is 
3.14' longer than the shortest. The order for the individual intervals 
and the averages is seen to differ. Both fall into two groups, the one a 
small, the other a large, range. 

Average duration. — ^Taking the average of the simple centroid as the 
norm (0.44'), the average for the vacant was of the same length ; for the 
complex, 1. 3 1 times longer; for the composite, 2.20 times longer; for 
the expiration, 2.70 times longer; and for the verse intervals, 6. 11 
times longer. 

With the sum of the averages as the unit, the verse interval consti- 
tutes 42%, the expiration 19%, the composite 15%, the complex 9^, 
and the vacant and simple centroid 7 % each, of this unit. The aver- 
age for the verse intervals is about 2 J^ times longer than for the expira- 
tion. 

The proportion between the averages of the expiration and vacant in- 
tervals, or between the quantity of sound and silence in speech, was as 
2.71 to I. Apparently about 73*/^ of the time consumed in speaking is 
utilized in sound production and in exhalation, and 21^/1 in pausing. 
Most pauses probably represent an inhalation. 

The proportion of sound to silence was slightly larger for poetry than 
for prose. The difference is negligible. The largest percentage in 
English poetry for the expiration intervals was 79^/) (J. W. R. record) ; 
the smallest, ^i^/c (W. C). 

The average for the composite intervals is nearly two and a fourth 
times larger than that for the vacant and simple. Hence the sounds in 
the composite intervals occupy more time than the silence. 

All the above relations of the intervals in the various records, may be 
obtained in the tables. 

Range of irregularity. — In units of time, with the range of the simple 
intervals (o. 1 1") as the norm, that of the complex and vacant is each 2.45 
times larger, of the verse 4.18 times and of the expiration 7.81 times. 
As a fraction of the average duration the range for the simple (26^) is 
2^^ times that for the verse; and for the complex 1.46, for the vacant 
1.65 and for the expiration 1.69 times that for the simple intervals. 
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Relative regularity, — The average for the verse intervals is 2. 11 as reg- 
ular as for the simple ( 19% ); for the latter 1.47 times as regular as for the 
complex, 1.52 as regular as for the vacant, and 1.78 as regular as for the 
expiration intervals. 

Percentage of records of rhythmically coordinated intervals. — Applying 
a 10% standard of irregularity, it is as follows : For verse, 59% ; simple 
centroid, 14% ; expiration, 12% ; vacant, S^fc, and complex centroid, 
4%. The manner of coordination differs for the intervals. The ex- 
piration and vacant were picked out wherever they occurred in the 
records. The one intervenes between the other; the tables do not 
include the measurements of the two in one series. The verse intervals 
are likewise separated by terminal pauses. These are not included in 
calculating their rhythm. 

Bearing on metrical problems. — If meter requires a relatively perfect 
coordination of intervals, what conditions are essential to fulfil this re- 
quirement ? What type of reading and of interval most frequently and 
fully satisfies the demand ? 

Types of meter. — We have seen that there are two types of speech 
intervals which, on the basis of the criterion of regularity, may with 
scientific precision be called rhythmical, viz., the verse and simple 
centroid intervals. 

As affects the simple centroid intervals, the measurements showed that 
the criterion of metrical perfection was most highly approached in 
poetry. The conditions for the highest regularity in poetry were : ( i ) 
the distribution throughout the verses of centroid intervals consisting of 
the same number of components; and (2) the scanning of the verses 
according to the routine type of scansion. 

As affects the phrase intervals, the measurements showed that the cri- 
terion of metrical perfection was approached only in the verse intervals 
of poetry, the number of whose centroids was more limited and regular 
than in the sentences of prose. The conditions for securing the high- 
est regularity, other things being equal, were: (i) limiting the duration 
of the intervals; and (2) subordinating the sectional to the terminal 
pauses, and the sectional to the terminal centroids, of the intervals. 

Meter par excellence — choice of types. — Which of the two types is prior, 
primary or fundamental ? The question is complicated. Neither type 
exists in isolation ; both rhythms interpenetrate. A good quality of 
verse- interval rhythm will largely depend on, or perhaps demand, 
a smooth flow of centroids. It may also be associated with pause 
rhythms, sectional and terminal. Remembering these cautions, which 
type has, on the whole, the stronger claim ? 
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Hints from the measurements, — These indicated that the range of 
irregularity was about 2j^ times larger, the average irregularity over 2 
times larger, and the number of records of unrhythmical intervals about 4 
times more for the simple intervals. In only one record was the varia- 
tion of the intervals less for the simple centroid. From the point of 
view of regularity, experiment uniformly emphasizes the importance of 
the verse interval type. 

This type, however, to become a rhythmic unity requires a sort of 
** verse'* centroid, as distinguished from the **foot" centroids, at the 
beginning or the end. The complicated relations of the verse and foot 
centroids give rise to a hegemony of centroids. The verse as a rhyth- 
mical whole might be changed by eliminating the sectional and especially 
the terminal centroids. It could remain a regular, yet not rhythmical, 
group. 

Hints from the test, — The grouping of the sounds into visible verses 
produced a delusion : spontaneous, unsuspecting thought did not dis- 
tinguish verse sequences from sentence sequences. With words arranged 
like prose sentences the verses were pronounced non-rhythmical sentences 
of prose. With words arranged like verses the prose sentences were 
declared rhythmical, and to be poetry. 

In these judgments the smoothness or rhythm of the word flow was a 
factor. The determining factor was the form of print, or a felt verse 
meter. Some who read the Tennyson verses as prose pronounced them 
rugged but still poetry, because of a felt verse interval rhythm. The 
appeal to unsuspecting thought also shows the importance of this form 
of rhythm. 

Hints from the poet, — The following questions, bearing also on other 
aspects of the metrical problem, were submitted. 

Questionnaire on the art of versification in respect to meter. 

Describe the attitude which you assume, in the act of poetical production, toward the 
versification of the poem that you are about to write. 

( I. ) (a) Do you determine in advance the particular kind of meter which you intend 
to follow ? (b) Do you decide that a given poem shall consist of a certain kind and 
number of measures — dactyls, spondees, iambi, anapests, etc. — to the line? (c) If so, 
do you go over your verses to see that they invariably follow the metrical system adopted ? 
(d) Or are there forces unconsciously operative preventing any deviation from a chosen 
norm? 

Or do you predetermine the number of emphatic or accented syllables, 1. ^., stress- 
points, irrespective of the number of unaccented or weak syllables, for the verses of your 
poem ? 

(II.) Or, on the other hand, is the measure in your poetry a subordinate factor? 

Does it sustain a relation to special moi.ls and emotions and to tlie character of the 
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thought which yoa woald express? Do 70a become so inspired by the thought to be 
expressed that the form ne^er for a moment rises consciously bef<M% you ? Your foot- 
scheme would thus be the result of a species of unconscious cerebration, and you would 
become aware of its character not before, but either in the very act of poetical creative* 
ness, or upon subsequent examination of your completed product. 

(III.) Do you feel a demand for meter? Whence does it spring ? 

(IV. ) If you employ both methods, what relation do they sustain in reference to (a) 
frequency ; (b) ease or naturalness, and (c) results, metrical and poetical ? 

The meter of Christabel, it may here be noted, was founded on the 
principle of '' counting in each line the accents and not the syllables." * 
Each verse contains four accents ; the number of syllables may vary from 
seven to twelve. Tenn)rson*s lyric, "The Poet's Mind," may be con- 
sulted. 

Replies. 
(English) 

Ella Wheeler Wilcox : 1 cannot fully analyze my methods. They are not always the 
same. The idea comes usually first, a sentence, a word, or a thought only — like a point 
of light. I may carry it about for weeks — the germ of the poem —shapeless and unde- 
fined. When I take time to sit down and focus my mind upon it, the poem comes. 

Sometimes I begin two or three shapes before I fix upon the style of verse ; oftener 1 
begin the poem as it remains, the lines falling into rhjrthm themselves. 

Again, I decide upon a sonnet form, the moment the idea comes. One of my best 
sonnets (** A Minor Chord ") came that way. I met two nurses on the street and the 
line ** The wistful unkissed mouths of nurses" came to me. I knew it was a sonnet 
line, and days afterward sat down and built the sonnet to fit that line. 

In talking with a very excitable man one day about single tax (that is, listening while 
he talked), he said : ** No question is ever settled until it is settled right." I said, ** Oh 
there is a poem in that," and at once sat down and wrote it — it has been used in two 
political campaigns by the Bryan orators. 

Sometimes without any idea, a rhjrthm, a wordless song, goes ringing through my head. 
I walk to it — I work to it — and it pursues me until I find an idea to put into the measure. 

At other times, without idea or measure, I settle down, knowing something will come. 

: * My own poetic mental habit is lyrical. As nearly as I can re- 
member, each poem, or theme, or motif (as one would say in music) occurs to me almost 
simultaneously in both thought and form— a poetic phrase (made up of words in a certain 
poetic accent and diction) shapes itself in the mind. I do not realize at the moment 
what the meter is. I may, or may not, realize what the stanza or complete poem-form is 
to be. I think that most of my lyrics have occurred to me " on the road " — when mov- 
ing about, going back and forth to my oflfice, travelling, sometimes when I am reading. 
Sometimes a line or two will rest in my mind for years, and add other lines spontaneously ; 
it may be in distant scenes. For instance, for years I had in my mind these lines, 
descriptive of the glow above New York as seen at night from the Staten Island ferry : 

Lies like a lily white 

On the black pool of night. 



' Coleridge, Poetical Works, I 188, Aldine Edition. 
* The writer wishes his name reserved. 
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Years afterward, while at Stratford-on-Avon for the first time, the whole poem came to 
me in a shape that I had never had in mind at all « so far as I know. It was not at all 
affected in form by the memory of Shakespeare verse forms, as might have been catural 
in the circumstances. 

AT NIGHT. 



The sky is dark, and dark the bay below 
Save where the midnight city's pallid glow 

Lies like a lily white 

On the black pool of night. 

O rushing steamer, hurry on thy way 
Across the swirling Kills and gusty bay, 

To where the eddying tide 

Strikes hard the city's side ! 

For there, between the river and the sea, 
Beneath that glow, — the lily's heart to me, — 

A sleeping mother mild. 

And by her breast a child ! 

My busy life has given me little time to build poems ; hence their brevity and subjec- 
tive quality, lliey start, with few exceptions, from a personal experience and emotion. 
At times in my mind a line or verse seems to sing itself (not an actual tune but a series 
of poetic accents) ; hardly anything at first except a sense of verbal music without words, 
stirred by the delight, perhaps, in something startlingly beautiful in nature. 

In the volume **In Palestine" you will find a poem, "How to the Singer 
Comes the Song," which seems to be itself an answer to your question. After a few 
phrases or lines have started into being something seems to say, this is to be a poem in 
such or such a conventional form — blank verse, four lines with rhymes, six, a sonnet, 
etc., — or else in some new form altogether, with stanzas irregular or unconventional in 
themselves but made regular by following succeeding stanzas all of the same form, or 
else with the regular irregularity of the dilhyrambic form. After the form is thus estab- 
lished everything is bent to moulding the poem according to the conventional or sought- 
out, or accidental pattern. I find the line is in such a form — well then, it must be 
true to that form — unless with some variation that cannot be charged to carelessness, but 
to deliberate intention or deliberate adoption of an accidentally pleasing form. At one 
time — virtually the beginning of my poetical writing — I was very much stirred by the 
Italian sonnets, by Shakespeare's, Milion's, etc., and my poetic impulses naturally flowed 
into sonnet form ; the seed phrase in the mind was apt to be inevitably sonnet-wise. 
I have written four in a day. I have no doubt that while Dante was writing his triology 
his pKjetical thought fell naturally into the terza rima. 

I think the initial thought is generally a line ; rhymes usually follow with lightning 
speed. I believe this is because my mind — like the minds of all moderns — is full of the 
music of rhymes. If I had been an ancient Hebrew, or a verse-maker of some other 
primitive race in the early days, the music in my mind would doubtless have been rhyme, 
less — would have fallen with apparent spontaneity into the forms prevalent in the lan- 
guage of the time. 

: > (I.) I do not determine in advance the stanza forms to be used 

in any particular poem, unless a thought or feeling occurs to me which seems fitted for 

' The writer wishes his name reserved. 
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one of the more elaborate, recc^ized stanza forms, like the sonnet, rondeau, Spenserian 
stanza, etc. In that case I enter upon the construction of it consciously. I do go over 
my verses to see that there are the right number of lines, that they rhyme in the right 
order, and I do not commonly count the number of syllables or accents in a line in 
composing isometric verse. The form once adopted — say the ten-syllable iambic — my 
ear keeps count of the syllables half- consciously in the act of composition. When the 
length of the line varies, however, sometimes I find that I have made a mistake — have 
got a line in that is a foot too short or too long — and so have to correct. 

(II.) The adoption of a line as the unit of a verse- composition, is commonly the 
result of unconscious cerebration, I think ; or rather, perhaps of unconscious imitation, 
my memory being full of verses of all kinds. It is with some half-remembered measure 
that a thought or feeling in my mind tends to associate itself, giving possibly a line or 
two lines which emerge definitely into consciousness. Then the end- word in this line 
or lines, suggests a rhyme- word and so a stanza or couplet is formed — usually in the 
middle of the poem that is to be. From this, by a conscious effort of construction, I 
build up the piece, before and after, on the norm thus established. 

(III.) [do feel a demand for meter, but could not say whence it springs without 
theorizing about it. Certain emotions, not at the moment they are experienced, but after- 
wards, when recalled, seem to crave metrical expression. A few words come to me 
metrically arranged, and that is the nucleus of a poem if I carry the thing any further 
by a definite effort of will. If not, they simply drop out of memory in a day or two. I 
have sometimes dreamed a line or two. 

(IV.) I have not noticed the relative frequency. The two methods run together and 
are confused in any actual piece of verse-composition. 

James Riley: (I.) I know nothing of the anatomy (I will call it) of poetry. My 
own experience after nineteen years, writing my first poem at the age of thirty- three, is 
that the form strengthens and meets unconsciously the requirements of the poem, in 
accordance to the inner growth. 

(11.) This question answers all I know of poetry. It seems to me the poet should 
write his moods as they come to him, and later complete or reject the work according to 
its worth. In my dialect poems — in the New England and Irish dialects — I have always 
known what I was going to write, — to a great extent before writing a line. They have 
generally been of actual occurrences in my life. On the other hand — and it has always 
been puzzling to me why it should be so — I have written a great number of stories in 
prose, and in them I can never find myself able to insert a single actual incident in my 
experience. 

To show how erratic is the poetic mood as it comes to me sometimes, out of which if 
worked out comes a poem, 1 mention a poem written a year ago and which appeared in 
the *• New England Magazine'* of last May. I remember the words and thought that 
led to the opening lines of the poem : 

** After the book is written, after its page is read. 
After the soul has brought and left what to the age is wed," — 

What connection it has with the poem I am unable to tell. The lines were to me a 
music that led to other music* and allowing the second feeling to express itself, I began 
Striking the words on the typewriter ** over and over and over." I did it with no con- 
nection of any thought but that should in some way involve and be of life. In this way 
the music came first. My first writing — beginning of the poem — was with the thought 
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that every stanza should begin as the first, and I can see now that the thought would 
have been higher, if the refrain had so continued. 

N. M. Nelson : In my few metrical compositions, I have never stopped to think 
whether I used dactyls or spondees, or counted the syllables until I had finished. I 
simply let my thoughts assume the form suited to their expression. When in such a 
mood, the metrical part is secondary to thought, but may still be in strict conformity with ' 
poetical usage. 

There is certainly a necessity for meter. This may be because we unconsciously imi- 
tate poetical composition, or the mind may require meter in certain moods to express 
inspired thought. 

E. L. Fox (Yale '02): (I. ) (a) Before beginning to write, yes; but not before the 
spirit and general idea of the poem are clearly defined in my mind, (b) No. (c) No. 
(d) Yes. The spirit of the poem generally swings itself into a suitable meter, so that 
choice of a meter is usually unnecessary (when writing <* to order" on a subject I am 
not enthusiastic about, this is not true). Sometimes I hit upon a meter I like; it sticks 
in my mind and suddenly occurs to me as just the thing for a subject I have been think- 
ing over for a week or so. 

(II. ) The measure is distinctly paramount. It sustains a close relation to the charac- 
ter of the thought. The last sentence applies perfectly to my experience. 

( III. ) Yes \ from the nature of the theme and the enthusiasm which it excites. 

(IV.) I employ but one method. 

Paul F. Gilbert (Yale '01) : My ear tests the quality of meter. Minor defects are 
corrected by mechanical examination. Forces unconsciously operative prevent with some 
reliability any eccentricity. The number of accented syllables is predetermined, subject 
to modification, with little attention to specific forms of verse, the number being settled 
by their capability of expressing the nucleus of the poem and other favorite sentiments 
which may be afterwards suggested. 

My moods and emotions are emphasized by the employment of a suitable verse form, 
but this form is not arbitrary. 

The expression of spontaneous thought often runs into the channels of least resist- 
ance — usually some elementary form of verse. The demand for meter arises from a 
natural desire for repetition. Repetition is agreeable, the abrupt disagreeable. 

The practice of determining in advance the meter and the number of accented syllables 
tends to produce artistic results ; but I find the spontaneous expression more satisfactory. 
The imitation of established verse forms leads to artificiality. 

( Norwegian ) 

Wilhelm Petersen : (I.) (a) Sometimes I do determine the meter in advance, e. g.^ 
when I write new words to some old melody, either from choice, or by the request of 
others. In such cases the song known to me in that meter has a certain influence on 
what I write, perhaps through mood -association. 

(b) Strictly speaking, I do not think I ever detennined in advance (except as above 
slated) any preci.se meter, as dactyl, spondee iambus, anapest, etc. I do think, how- 
ever, that after my thought has assumed a certain rhythm (the original poetic form, an 
emotion -product) I develop it in consciousness into a more regular meter, partly by choice 
influenced by my acquaintance with prosody and literature, partly as it may happen to 
fall in with the completed ** motif" that is to form the basis of my poem. 

(c) That depends. If I desire to make a •' finished product," I follow the laws of 
prosody and rhetoric in detail. 
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(d) No, I hardly think there are. My opinion is that a person working under the 
influence of the soul-forces in a subconscious state, simply follows the rhythmic fall of his 
thought as accentuated by the underlying mood- waves, and the suitable words fall into 
the place demanded either by a musical force in subconsciousness, or are called forth simul- 
taneously with the thought. The result is : accented-tone syllables and stress-points. 
Meter and rhyme are secondary results due to conscious effort toward art- form. 

(II.) When the writer is unconscious of imitation and uninfluenced by mood-associa- 
tion, ** measure" in poetry must be subordinate in degree and secondary in time, and is 
rather an art-effect than a factor. As the *' motif" in original inspired production is 
** emotion of soul fused into thought '*— cine Regung der Secle durch Gesinnung bewutz 
und im Gedanken fliezend gemacht — the desire for the materialization of which demands 
/rom the soul a conscious effort in language production, and as, furthermore, language 
follows the most rigid laws, just as lines do in painting and sculpture, I cannot quite see 
how there can exist any direct relation between the creative and conceiving mood and the 
outward art-form that the complete poetical thought finally assumes. That some relation 
may exist, it were rash to deny. The natural steps in the development of a poetical 
thought would then, it seems to me, be as follows : Underlying emotion, or inspiration, 
moving towards and shaping itself into a ** motif" that rises through subconscious effort 
and determines ** rhythm" or *' tone-accent" and flowing into word -expression, follow- 
ing in the form it finally assumes, the laws of prosody as to meter, and of rhetoric as 
choice of words. 

(III. ) Yes. It springs partly, at least, from the nature of the language used. How- 
ever, language itself has been influenced by this demand, indicating that the deroan 
meter may follow from the first the steps in the above scheme of development, altboug 
not consciously sought for till the last. \ f r 

(IV.) I think I have written (a) mostly without predetermined measure, (b) 
more easily and naturally then, and (c) with better results, metrically and poetical y. 

( Swedish ) 

Jakob Bonggren: While sitUng, walking, or, though rarely, lying ^^r^^'^^o^, 
thought or, oftener, picture flashes into my mind, which I conclude wii m ^^ 

poem. Sometimes I hear a meter or some line of poetry 'in connection wi 
is the nucleus of the poem about to be begun. , . . ygQ^ll 

( I. ) If the mind only begets a thought or picture, I try to find a meter , ^^^ ^^jg^cul 
an easy matter. I think I can hear what is the proper meter, so 1 se number 

in selecting a form. I very seldom, if ever, decide from the oegm ^ ^^ ^ ^ ^ 

lines in the poem ; it grows until it is full-grown. If I have one through the pool 

all the following or preceding ones molded in the same form. l ^"^ meter, 

correcting and changing the words here and there, but very selao*'^ »Uong«it poi 

If I have a thought as a nucleus, I sometimes study out some -^^^d out in this ji 

and stress- words, select a meter, and work out the poem. Poem 
(from pictures or thoughts) 1 have found to be the best. subject 1 fl hm \yi 

(II.) Whenever I am called upon to write a poem on a c^ want to '"^Ijifttini 
carefully work it out ; select a suitable meter and think out a ^ waritted ^P*4Mld^ 
poem. After handling my subject for a while, I sometimes ^.^^ wvlkiflg, ' ^ 
everything is easy. There seems to be an unconscious cere ^ nomo^ ift^ — 

conscious thought and will, when something worthy the nam ,A\x\mM ' 
" poems " written to order I have found to be generally p<x»"^» 
in the act of composing. 

(IV.) Answers as above ( I. ) and (11.). 
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As bearing on the present question, these statements indicate that both 
types of language rhythm, varying more or less with diflferent composers, 
are felt, and make a demand upon the mind that conceives poetical 
thoughts and embodies itself in metrical language. Witness the terms : 
"wordless song," ''poetic accents," "verbal music, without words," 
" measure paramount ;" and " poetic phrase," *' sonnet form," ** verse 
form," "verse line singing itself," music of the lines, the line as the 
"unit of verse-composition," as the "initial thought," the "seed 
phrase," feeling that the line must be " true to its form," and " measure 
secondary." 

Deduction, — Three lines of evidence thus uniformly emphasize the im- 
portance of the verse interval type of meter in speech rhythm. These 
i intervals may approximate better than the centroid intervals the larger 
fluctuations of attention in speaking, which alone may possess the power 
to genuinely attune and cadence the soul. May we therefore regard 
them as the primary or chief type of the rhythm of speech ? 



It is a pleasant duty to acknowledge my obligations to the subjects, to 
those answering the questionnaire, and to the editor of the Studies. 



NOTE. ^ , 

d 2Lt$^^^^' For cash 
The price of all volumes of these Studies is fixe ^ ^ndence or other 
with order the price is 75 cents, provided no c 



clerical labor is involved. 
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